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A QUANTITATIVE SPECTROGRAPHIC METHOD FOR THE 
DETERMINATION OF TIN, COPPER, IRON, AND LEAD IN MILK AND 
MILK PRODUCTS. THE EFFECT OF STORAGE ON THE CON- 
CENTRATION OF THESE METALS IN EVAPORATED MILK* 


C. W. GEHRKE, C. V. RUNYON, anp E. E. PICKETT 
Department of Agricultural Chemistry 
Missouri Agricultural Experiment Station, Columbia 


Some of the deteriorative changes which are manifested in evaporated milk 
during storage at various temperatures have been extensively investigated. These 
are: the increase in concentration of lactic and formie acids (11); the changes 
in pH, viscosity, fat and protein separation, and development of crystals of 
calcium citrate (21, 22); browning, fluorescence, and associated changes (16, 
17); and gel formation and fat separation (18). 

There have been few published data (7, 14, 19) concerning the increase in 
concentration of metals in canned milks with increasing storage time at various 
temperatures, and the relationships that exist between changes in the coneentra- 
tion of these metals and deteriorative changes (11, 16, 17, 18, 21, 22) which 
occur in the milk during storage are little known. Perhaps some of the changes 
in the physicochemical properties of stored evaporated milk may be due to the 
presence of various metallic contaminants. Recent studies (1), conducted with 
ion-exchange resin membrane electrodes, of the interaction of calcium chloride, 
caleium mono and dihydrogen citrate, and calcium dihydrogen phosphate with 
casein sols show that no chemical reaction occurs between the caleium ion and 
casein. The casein simply behaves as a hydrophobic colloid. The same observa- 
tion was noted in other experiments (8) on the addition to evaporated milk of 
stannous chloride at various concentrations. In the past, one of the authors (14) 
has done a substantial amount of work on analytical methods for, and the deter- 
mination of, the concentration of metals in evaporated milk held under different 
storage conditions, and it is known that the average can of evaporated milk con- 
tains significant quantities of tin. It is also possible that considerable amounts 
of iron, lead, and copper could be in the milk. Many chemical methods are used 
for the determination of tin (10, 15), copper (12, 20), iron (3, 13), and lead 
(2) in foods and food products. These methods leave much to be desired, espe- 
cially for tin, copper, and lead. In general, they are long and difficult and 
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involve several chemicai separations. Most of the spectrographic methods are 
qualitative and involve only the trace element content (5, 6). ' 

The major objectives of this investigation were to develop a rapid, simple, 
and accurate spectrographic method for the quantitative determination of tin, 
copper, iron, and lead, all at the same time, in milk and evaporated milk and to 
follow the increase in metallic concentration in evaporated milk under different 
storage conditions. 


EXPERIMENTAL PROCEDURE 


Preparation of standards and spectrographic method. In preparing the 
standard samples it was necessary to determine the temperature to be used in 
the ashing of the whole milk. Several samples of milk were ashed at various 
temperatures in order to determine the minimum temperature required to obtain 
a dry, loose ash. It was found that not all of the organic matter needed to be 
destroyed. The whole milk samples were satisfactorily ashed at 400° C. over 
night in a Ceneo Cooley electric furnace. It is necessary to conduct the ashing 
at a low temperature to prevent volatilization of tin. Prior to ashing, the milk 
was evaporated to dryness at 80° C. in a forced draft drying oven. This was 
necessary to avoid foaming of the milk and consequent loss of the sample during 
ashing. 

Whole milk ash was used in preparing the matrix of the spectrographic 
standards. All precautions were observed to prevent contamination of the milk. 
A quart of whole milk, obtained from the Department of Dairy Husbandry, 
University of Missouri, was taken directly from the cow into a thoroughly cleaned 
Erlenmeyer flask. The flask was cleaned several times with double distilled 
hydrochloric acid and double distilled water. The milk was evaporated to dry- 
ness at 80° C. and ashed at 400° C. in a vitreosil evaporating dish. 

The following chemicals and substances were used in preparing the spectro- 
graphie standards: (a) the metallic oxides (CuO, Fe.O,, PbO, and SnO,), 
(b) a buffer mixture containing 50% of CaCO, and 50% of KCl, (c) milk ash 
as previously deseribed, (d) internal standards of CdO and NiO and, (e) spectro- 
graphically pure graphite. 

All of the chemicals used were reagent grade and repurified with the excep- 
tion of the cadmium oxide and nickel oxide, which were of ‘‘spectrographic 
standardized’’ grade as received from Johnson, Matthey and Company, London, 
England. 

Tin, copper, iron, and lead were added in equivalent amounts, as oxides, to 
prepare standards containing the following percentages of each metal: 1.00, 
0.316, 0.100, 0.0316, 0.0100, 0.00316, 0.00100, 0.000316, and 0.000100. The total 
weight of each standard was 1 gram. Of this 1 gram, the remaining weight not 
occupied by the metal oxides consisted of 50% milk ash and 50% buffer mixture. 
The concentrated standards were used to prepare the less concentrated ones; in 
this way, all weighings were made on a regular analytical balance. After the 
above standards were prepared, they were mixed thoroughly in an agate mortar. 
To prepare the arcing mixture 10mg. of CdO and 10mg. of NiO (internal 
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standards) and 200 mg. of spectrographically pure graphite were added to 80 mg. 
of each of these prepared standards of tin, copper, iron, and lead. These prepara- 
tions were again thoroughly mixed in an agate mortar. The purpose of the 
graphite was to ensure a more nearly complete volatilization of the samples by 
preventing the formation of a bead of refractory calcium oxide at the high 
temperature of the are. It was found that this bead would prevent complete 
volatilization of the iren during arcing. 

A Jarrell-Ash 480-cm. adjustable stigmatie grating spectrograph was used in 
this investigation. The source of power was 220 volts a.c., 3-phase, rectified io 280 
volts d.c. The operating voltage at the are was 50, and the current was 7 amperes. 

Each stindard or sample was filled into the crater of a 3/16 in. high purity 
carbon electrode. Each electrode was pre-areced for 30 seconds just before the 
addition of the sample. Normal polarity was used for the electrodes with no 
lens between the are and the slit. The slit width was set at 50 and the slit 
length at 6mm. A three-step sector was used to obtain a wide range of intensi- 
ties, permitting 100% , 10%, and 1% of the incident light to pass through the 
slit. The standards and samples were exposed for 1 minute. The region of the 
spectrum from 2400 to 4100 angstroms was photographed. Spectrum Analysis 
No. I film (35mm. wide) was used and was developed for 4 minutes in D-19, 
fixed 5 minutes in F-5, washed 5 minutes in water, and then dried. The per cent 
transmission of the lines was measured with a Jarrell-Ash Projection-Comparator 
Microphotometer. These per cent transmissions were translated into intensities 


‘by means of film calibration curves prepared for the regions 2800 and 3200 


angstroms. The analytical lines used were 2840 and 3330.6 A for tin, 2833.1 A 
for lead, 3247.5 A for copper, and 3020.6 A for iron. For analyses on tin, lead, 
and copper the cadmium line at 3261.1 A was used as the standard, and for iron 
the nickel line at 3064.6 A was the standard. 

The ratios of the intensities of the lines of the desired elements to those of 
the lines of the internal standard elements described above were plotted as 
ordinate versus concentration on linear coordinate paper. After a straight line 
was drawn through the points, a line parallel to this plotted line was drawn so 
as to intersect the origin. The ‘‘residual’’ metal concentration in the standard 
matrix was determined by drawing a line parallel to the abscissa from the inter- 
cept of the plotted line until it intersected the second parallel line. The concen- 
tration of metal corresponding to this point of intersection was the concentration 
of the metal in the matrix of the standards, the ‘‘residual’’ concentration. 

A working curve for each metal was made by plotting on log-log paper the 
intensity ratios vs. the concentration (added plus residual) of the metal in parts 
per million in the 80mg. of standard. Straight line working curves were ob- 
tained, the slopes of which approached the theoretical of 45°. When it was found 
that the concentration of tin in evaporated milk was much higher than that of 
the other metals, an additional curve for tin was drawn covering the high con- 
centrations. For this curve the ratios of the intensities of Sn 3330.6 angstroms 
to those of Cd 3261.1 angstroms were plotted versus concentration of tin in parts 
per million. 
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Preparation and arcing of samples. The experimental samples of evaporated 
milk were placed in the vitreosil crucibles immediately after opening the cans. 
This was necessary, as it has been shown previously that a significant increase 
occurs in the content of iron (4) in evaporated milk and tin (9) in canned fish 
exposed to air in open cans. 

A known weight of the evaporated milk (approximately 5¢.) was placed in 
a weighed vitreosil crucible, dried at 80° C., and ashed at 400° C. over night in 
an electric furnace. After obtaining the weight of the ash, 40 mg. of the thor- 
oughly mixed milk ash and 260 mg. of a mixture containing 200 mg. of graphite, 
10 mg. of CdO, 10 mg. of NiO, 20 mg. of KCl, and 20 mg. of CaCO, were placed 
in a clean agate mortar and thoroughly mixed. The spectrographic method used 
for arcing the samples of evaporated milk was the same as that described for the 
prepared standards. After determining the intensity ratios, the corresponding 
concentrations of the metals in parts per million were read from the working 
eurves. Blanks were analyzed which contained all of the substances used in the 
preparation of the samples. The concentrations of metals in these blanks were 
subtracted from the total concentration. 

The values obtained from the working curves were doubled to give the con- 
centration in parts per million of the metals in the evaporated milk ash because 
only 40 mg. of milk ash were used in the arcing mixture, whereas 80 mg. of the 
standards were used in preparing the working curves. These values represent 
the concentrations of the metals in the original evaporated milk ash. The con- 
centration in parts per million of the metals in the evaporated milk was caleu- 
lated. 


Description of the evaporated milk and storage treatment. Five cases of 
evaporated milk in electrolytically plated cans and four cases of milk in hot- 
dipped cans were numbered and stored at room temperature and at 37° C. for 
time periods up to 1 year. Each case contained 48 (13-fl. oz.) cans. The electro- 
lytic cans contained 0.75 lb. of tin per base box, and the hot-dipped cans were 
plated with 1.25 lb. of tin per base box. Both the electrolytic and the hot-dipped 
type of plates were made by the Weirton Steel Company, Weirton, West Vir- 
ginia. The can bodies were made the same day the milk was packed. All of the 
evaporated milk used in the storage studies was from mixed herd milk and was 
packed at the same time during the normal operation of a large commercial 
evaporating plant. Standard procedures were used in processing the milk. The 
equipment used was stainless steel with the exception of the cooling coils, which 
were tin-coated copper, and the fillers, which were brass. 


Prior to storage, each can of evaporated milk was examined for damage, and 
notations were made. Examinations of the cans were made periodically for 
flipper formation and swells. ‘‘Flipper’’ is a term used to denote formation of 
gases inside the can, resulting in loss of vacuum. Such a condition permits the 
end of the can to snap in and out when pressure is applied at both ends of the 
ean. A ‘‘swell’’ occurs when the can passes the flipper stage and the gas pressure 
on the inside causes the ends to bulge. With each examination, about once a 
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week, all of the cans were turned and several flat cans and all the flippers were 
removed. 

In addition to analyzing the samples of stored evaporated milk for tin, iron, 
copper, and lead, the following observations were made: When the cans were 
opened the pH of the milk was determined, a visual examination was made for 
salt precipitation and fat separation, and the inside of the can was examined 
for corrosion. 


RESULTS AND DISCUSSION 


Flippers occurred in both the electrolytic and hot-dipped types of tin-plated 
cans when stored at 37° C. but were more pronounced in the electrolytic cans. 
The maximum life of the electrolytic cans at 37° C. was 180 days and that of 
the hot-dipped cans was about 300 days. There was no significant difference in 
the pH decrease of the evaporated milk after various storage periods in the two 
types of tin-plated cans (6.20 to 5.55 after 318 days at 27° C.); the appearance 
of the milk in the normal cans and in flipper cans plated with either type of tin 
plate and stored at 37° C. and room temperature was similar. However, darken- 
ing and fat separation of the milk were evident in both types of cans after 81 
days at 37° C. 

A comparison of the corrosion occurring on the inside of the electrolytic and 
hot-dipped cans was difficult to make. ‘‘Pitting,’’ a term used to denote fine, 
pinpoint holes through the tin coating, appeared in both types of cans along 
with sulfur staining, which is a discoloration of the tin coating due to reaction 
with the sulfur compounds in the evaporated milk. Long, vertical body maker 
scratches occurred in both types of cans but were more noticeable in the electro- 
lytic cans. Definite corrosion occurred in all cans stored at 37° C., and after 318 
days of storage ali the tin was gone and only the tin-iron alloy layer remained. 
The cans stored at room temperature were detinned more slowly and showed 
some darkening of the can walls, but many of the cans still had some tin remain- 
ing after 318 days. 


TABLE 1 
Concentration of tin in evaporated milk 


Concentration of tin in p.p.m.* 


Storage Storage Electrolytic Het dipped 
time temperature cans eans 
(days) 
as ree’d 37° ©. 22.3 19.1 
12 87° ©. 28.8 32.2 
26 37° C. 55.0 39.9 
38 37° C. 66.9 39.5 
50 37° ©. 97.4 78.5 
340 37° 215 209 
as ree’d room temp. 22.3 19.1 
26 room temp. 30.1 39.5 
38 room temp. 28.3 56.3 
50 room temp. 45.1 50.8 
340 room temp. 102 125 


* Average of at least two independent determinations. 
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The concentration of tin in the evaporated milk stored in either electrolytic 
or hot-dipped cans increased with storage time and higher temperature. The 
average concentration of tin in the evaporated milk as received in the electro- 
lytie and hot-dipped cans was 22.3 and 19.1 p.p.m., respectively. After 50 days 
of storage at 37° C., the average concentration of tin was 97.4 p.p.m. in electro- 
lytie cans and 78.5 p.p.m. in hot-dipped cans; after a holding period of 340 
days, the concentrations increased to 215 and 209 p.p.m., respectively. About 
one-half as much tin was found in the evaporated milk in electolytic cans when 
stored at room temperature for different periods as in that held at 37° C.; this 
was also found for the milk in the hot-dipped cans after long storage. The experi- 
mental data are presented in Table 1. 

It was considered possible that some of the tin content of the evaporated milk 
could have been lost by volatilization during the ashing process. Recovery 
experiments were conducted with several samples of raw whole milk which con- 
tained known amounts of added tin. The data are shown in Table 2. From these 


TABLE 2 
Recovery of tin added to whole milk 


p.p.m. of tin* 


Added Recovered 
120.9 122.1 
46.5 43.6 
46.0 45.0 
14.2 12.8 
0.3 0.4 
0.1 0.2 


* Average of at least two independent runs. 


data it may be concluded that no tin was lost during the ashing of the samples. 
The recovery of tin was considered good, and the data indicate that the method 
is accurate for tin. In this investigation, recovery studies for Fe, Cu, and Pb 
were not made. Other spectrographic data obtained at the Missouri Agricultural 
Experiment Station on plant and animal materials show that no losses occurred 
and recoveries were as good as those given for tin. 

The average content of iron for 22 cans of evaporated milk representing 
both plate types and storage temperatures and held 0-50 days was 6.5 p.p.m. 
(ranging between 1.3 and 14.2), and 16.5 p.p.m. (ranging between 4.0 and 36.2) 
for 12 cans stored 340 days. The observed variation in iron content from can to 
ean and for different storage conditions was presumably due to differences in 
the extent of corrosion. 

The concentration of copper and lead in the evaporated milk did not change 
appreciably with storage. The mean values for 35 different cans were 0.68 p.p.m. 
for copper and 0.35 p.p.m. for lead. The values ranged from 0.46 to 1.04 p.p.m. 
for copper and from 0.09 to 0.72 for lead. 

The principal causes of inaccuracy in spectrographic methods are the so-called 
‘‘extraneous element effect’’ and the usual deviations of replicate results. The 
latter are measured by the precision or reproducibility of the results which have 
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been determined for various samples. The reproducibility of results for the 
respective elements (Sn, Fe, Cu, and Pb) ranged from +5 to +8% of the values. 
The ‘‘extraneous element effeet,’’ that is, the influence of the major constituents 
upon the line intensities of the minor elements, has been corrected for by the 
addition of as much milk ash to the standards as was contained in the sample 
mixtures. The rather small variation in amounts of the major elements in milk 
should not influence the magnitude of the ‘‘extraneous element effect’’ from one 
sample to another. Moreover, the variations in amounts of the principal major 
elements are made very small by addition of the KC] and CaCO, buffer mixture 
to the standards and samples. 


SUMMARY 


A rapid, reliable, and accurate spectrographic method has been developed for 
the quantitative determination of tin, copper, iron, and lead in milk and evapo- 
rated milk. The analyses for these metals can be made simultaneously on a single 
sample. The precision of the method for the respective elements is from +5 to 
+8%. 

Graphite was added to the arcing mixture. This was to ensure a more nearly 
complete volatilization of the samples and to prevent the formation of a refrae- 
tory calcium oxide bead. 

The concentration of tin in evaporated milk was found to increase rapidly 
when stored at either 37° C. or room temperature. This was found to be true 
for milk stored in either the electrolytic or hot-dipped plated cans. The average 
concentration of tin in evaporated milk as received was about 20 p.p.m.; after 
' 50 days of storage at 37° C. in electrolytic cans the tin concentration increased 
to 97.4 p.p.m., and after 340 days to 215 p.p.m. The rate of solution of tin was 
faster in the electrolytic cans than in the hot-dipped cans when stored at 37° C. 
At room temperature storage the concentration increased at about the same rate 
in both types of plated cans. 

The iron content of evaporated milk increased with storage from 6.5 p.p.m. 
(0-50 days) to 16.5 p.p.m. (340 days) as an average for 22 and 12 cans, respee- 
tively. 

No significant increase was found in the concentration of copper or lead when 
the evaporated milk was stored in either type of can at room temperature or 
37° C. for as long as 340 days. The mean values were 0.68 p.p.m. for copper and 
0.35 p.p.m. for lead as an average for 35 cans. 


The rate of change of pH was faster in milk in cans stored at 37° C. than in 
those stored at room temperature. A decrease in pH, from 6.20 to 5.55, occurred 
within a period of 300 days. Flippers developed more rapidly in the electrolytic 
eans. Darkening occurred and fat separation was evident in both types of cans 
after 81 days of storage at 37° C. Corrosion occurred in all cans stored at 37° C., 
and after about 300 days of storage all of the tin coating was gone and only the 
tin-iron alloy layer remained. 
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AN ION-EXCHANGE RESIN-CONTACT TIME METHOD FOR THE 
STUDY OF INORGANIC EQUILIBRIA IN MILK? ? 


J. M. BAKER, C. W. GEHRKE, ano H. E. AFFSPRUNG 
Department of Agricultural Chemistry, University of Missouri, Columbia 


The stability of the milk proteins as influenced by the cation-anion balance 
of the milk has been a subject of much consideration by investigators in the 
fields of dairy chemistry and technology. As a consequence, a number of different 
experimental approaches have been used in an attempt to clarify the chemistry 
of, and the phasic distribution of, the inorganic components of milk. Seekles 
and Smeets (72, 13) conducted an extensive study on heat-stable and unstable 
milks in the Netherlands. A correlation was made between the caleium and 
phosphorus content of the milk ultrafiltrates and the heat stability of the milk 
proteins as measured by the alcohol test. Ultrafiltration studies were conducted 
by Jenness (7) on milks subjected to heat treatments in the temperature range 
of 67-98° C. The ultrafilterable calcium and phosphorus were found to decrease 
immediately after heating but again to approach the normal values in the aged 
heated milk. 

Other investigators used collodion membranes and dialysis experiments (6, 8, 
10, 11) in studies on the colloidal and soluble phases of the inorganic constituents 
of heated and raw milks. In nearly all cases long time intervals were involved. 
Zeolite type ion exchangers were employed by Davies (2) to study the phase 
distribution of calcium in reconstituted milks. The batch process was used and 
involved contact time periods from 10 minutes to 48 hours. Verma (15) con- 
ducted a study on the colloidal and soluble polyvalent inorganic constituents in 
raw and heated skimmilks by removing the protein with rennet precipitation. 

The more recent work cited in the references has been conducted on ultra- 
filtrates and whey prepared from samples of raw and heat-treated skimmilks by 
rennet action. The process of obtaining an ultrafiltrate requires a length of time 
varying from 30 minutes to several hours, during which time many changes may 
take place in the chemical equilibria of the milk. The colloidal systems that occur 
in milk and which may be altered during heating are also subject to the limita- 
tions of the restrictions of the membrane. The production of whey by rennet 
action involves the precipitation of the protein, which is capable of carrying 
down portions of the inorganic colloidal particles of the milk. These procedures 
leave much to be desired, for many changes may occur in the distribution of 
the inorganic constituents during dialysis, ultrafiltration, rennet precipitation, 
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and zeolitic contact. However, these methods were the best available, and many 
valuable data have been obtained. 

In earlier experiments, Gehrke and Almy (4, 5) investigated the adsorption 
affinity to synthetic ion exchange resins of the cations and anions normal to milk. 
Single, binary, ternary, and quaternary systems were used of a concentration 
similar to that of milk. In view of these results, it was considered that an ion- 
exchange resin equilibration technique would be an approach of considerable 
merit. The use of an ion-exchange resin in the manner described below is chemi- 
cally similar to the addition of a precipitating or complexing agent or similar 
chemical reagent. The reagent may also be recovered for study after definite 
time intervals, which in turn allows rate studies to be made. 

Thus, the major objectives of this investigation were to develop a valid 
method for observing and following inorganic equilibria changes in milk and 
other complex biological systems as a result of various processing conditions 
and to make the measurements in a very short time period on the original sample. 


EXPERIMENTAL PROCEDURE 


Ion-exrchange resin-contact time method (RCTM). Regenerate the ion-ex- 
change resin in the desired form by the batch or column procedure. Wash the 
resin free of regenerant in a column. Remove the resin from the column and 
transfer the desired amount of resin (+1.0 ml. for 30 ml. or larger quantities of 
resin) to a 50-ml. coarse porosity fritted glass crucible. Wash the resin in the 
crucible thoroughly with distilled water. Transfer the resin to a 100-ml. beaker. 
Draw a 25-ml. aliquot of the sample test solution and place in a container from 
which it may be quickly poured. Then pour the sample onto the resin in ihe 
100-ml. beaker and stir vigorously for the desired contact time. At the eom- 
pletion of the contact time, transfer the resin and sample to the original fritted 
glass crucible, which is under vacuum. Immediately wash the resin free of the 
sample solution with distilled water. Collect the original effluent and washings 
in a volumetric flask for analysis. Elute the exchanged ions from the resin with 
a 5% solution of the desired elutriant, using four 25-ml. portions. Allow enough 
time for complete elution. Wash the resin free of elutriant with distilled water. 
Collect the elutriant and washings and make to volume with distilled water in 
another volumetrie flask. Take aliquots of the collections of the original effluent, 
and the eluate for analysis of the desired constituents. 

This procedure is applicable to either the determination of anions or cations 
as desired. One of the major problems to be considered in the application of 
this technique is the choice of the proper ion-exchange resin. The resin selected 
for use in the preliminary investigations on the removal of calcium was made 
in consideration of the following points: 

(a) The ability of the resin to remove Ca++ ions in preference to Mg++, K+, 

and Na* ions, which are the other major cation constituents of milk. 

(b) The ease with which the Ca++ ions can be eluted from the resin by 

elutriants which will not interfere with subsequent analysis. 

(ec) The ability of the resin to be placed in the regenerated condition by a 


STUDY OF INORGANIC EQUILIBRIA CHANGES IN MILK 1411 


buffer system so that the milk or biological system will not be affected by a 
change of acidity when in contact with the resin during the removal of the 
various cations. 

(d) A resin with a large milliequivalent exchange capacity. 

The resin Amberlite [RC-50 met most of the above requirements for resin- 
contact time studies on removal of calcium. The resin was regenerated as com- 
pletely as possible to the potassium form with a 5% potassium hydroxide solu- 
tion and buffered to a pH of 6.70 by a buffer mixture containing 1.5 g. potassium 
hydroxide and 6.8 g. of potassium dihydrogen phosphate per liter. Caleium and 
magnesium are the only major cationic constituents in milk which will exchange 
the potassium from the IRC-50-K resin. Percentagewise, the concentration of 
magnesium in milk is approximately one-tenth that of the calcium. In considera- 
tion of the differences in concentration and adsorption affinities (4, 5) any 
change in the uptake of calcium would reflect real differences in the phasic dis- 
tribution of the calcium in the sample. All of the experiments were conducted 
in the temperature range of 20 to 24° C. 

Thirty ml. of the resin is recommended for each analysis, which has ap- 
proximately 210 meq. of exchange capacity. The ratio of milliequivalents ex- 
change capacity of resin to milliequivalents of calcium present in a 25-ml. sample 
of milk is then about 140:1. Five per cent hydrochloric acid was used as the 
elutriant. Calcium was analyzed by a modification developed in this laboratory 
of the dihydrogen disodium ethylenediamine tetraacetate method (3). 

The anion exchange resin, Amberlite IR-4B, was chosen for the study on 
the removal of phosphate from raw skimmilk. This resin met most of the require- 
ments for the removal of anions which are similar to those stipulated above in 
the equilibration studies for exchange of calcium. The resin was regenerated 
with 5% sodium hydroxide. The resin was placed in the chloride form with 5% 
hydrochloric acid. Thirty ml. of resin were used, which contained approximately 
60 meq. of exchange capacity. The ratio of milliequivalent exchange capacity 
of resin to the average milliequivalents of trivalent phosphate present in 25 ml. 
of raw skimmilk is about 27:1. A 5% ammonium hycroxide solution was used 
as the elutriant. Phosphorus was analyzed by the A.O.A.C. volumetric titration 
procedure (1). 

RESULTS AND DISCUSSION 

Figure 1 presents the results of three independent determinations by the 
resin-contact time method for the removal of calcium from raw skimmilk. The 
stability numbers were measured by the acid-heat test (14), somewhat modified, 
and were found to be seven or eight, which is the normal range for stable milk. 
The removal of calcium from a true solution is also plotted on the same figure. 
The initial level of removal of calcium from milk at the 10-second resin-contact 
time was found to be 36%. A rapid and constant rate of removal was then 
observed up to the 70% level. From the 70% level to total removal, the rate 
of removal becomes smaller the longer the resin-contact time interval. The pH 
of the contacted samples for the complete resin-contact time range varied by 
+0.2 pH units from that of the original milk samples. 
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Fig. 1. The exchange of calcium ions from raw skimmilk by Amberlite IRC-50-K. Resin- 
contact time studies. 
Curve A—%of total calcium exchanged from a true solution of CaCl. 
Curve B—% of total caleium exchanged from skimmilk. 
Curve C—Semi-logarithmie plot of the milliequivalents of calcium remaining in the original 
effluent per 100 ml. of sample vs. time. 
Note: These data were obtained with 20 ml. of resin, exchange capacity—140 meq. Sample 
volume 25 ml. 


A 36% removal for the 10-second time interval is comparable to the amount 
of soluble calcium found in rennet whey as reported by Verma (15). A definite 
change in the slope of the curve occurs between the 60- and 180-second contact 
time. The ionic calcium and the calcium in the form of dissolved complexes are 
probably totally exchanged previous to the 180 seconds contact time. 

It has been shown by the column technique that 99.6% of the calcium in 
’ milk is available to the resin Amberlite [RC-50-K form. This supports the view 
that the removal of calcium approaches 100% asymptotically. At contact times 
of 3 minutes or greater the curve is nearly linear, and the exchange resin is 
removing 95% plus of the calcium in untreated milk. When a 3-minute contact 
time is used in comparative studies conducted on milks subjected to various heat 
treatment, major changes in the chemical composition of the milk may be ex- 
pressed as a function of the time and the temperature of heating. Small errors 
in the time of contact would not cause any appreciable changes in the results of 
comparative studies. 

A study was made to determine the reproducibility of the RCTM. This work 
was conducted on a single sample of milk. An average standard deviation of 
+0.38 mg. was obtained from the results on three replicate analyses on 25-ml. 
samples of milk for contact times of 10, 20, 40, 80, and 160 seconds. The range 
of the standard deviations was found to be +0.51 to +£0.16 mg. for increasing 
contact times. The extent of calcium removed for these contact periods ranged 
from 11.2 to 31.1mg. The average per cent error for all contact times based 
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Fig. 2. The exchange of phosphate from raw skimmilk by Amberlite IR-4B-Cl. Resin-con- 
tact time studies. 


% PHOSPHATE EXCHANGED 


(O——O) Phosphate exchanged from milk (average of two runs). 
(x——) Phosphate exchanged from a true solution of KH:PO; and K:HPO, containing 
10 meq. PO./100 ml. 


Note: Quantity of resin 30 ml.; exchange capacity 60 meq. Sample volume 25 ml. 


upon all of the values of an average deviation of a single determination was 
+1.64% of the amount exchanged, with a range of +2.43 to 0.35% for increas- 
ing contact times. The average standard deviation ( +£0.38) and average per 
cent error include the results of at least 15 determinations. , 

Figure 2 shows the results of two independent resin-contact time studies on 
removal of phosphorus. The pH of the effluent gradually decreased when the 
milk was equilibrated with Amberlite IR-4B in the chloride form. After a 
90-second or longer equilibration period, the isoelectric point was reached and 
the protein coagulated. The decrease in pH during the resin-contact equilibration 
range causes the equilibria of the phosphate systems in milk to shift to more 
soluble states than those normally found. The results (Figure 2) present the 
pattern of removal by the resin Amberlite IR-4B-Cl as affected by pH (6.7 
original to 5.0 at 60 seconds contact). Experiments are under way employing 
buffered resins and mixtures of various anion exchange resins to obviate this pH 
change. These data will be published later. With a resin-contact time of 10 sec- 
onds the remeval of phosphorus was 43 to 44%. This removal continued at a 
nearly constant rate with time to the 60-second contact period. At this contact 
time the per cent phosphorus removed leveled off at near 65%, the curve becom- 
ing nearly parallel to the abscissa. The extent of removal of phosphate ions from 
a true solution, as a function of time, is also given in Figure 2. The true solution 
contained equivalent amounts of the mono- and dibasic-potassium phosphates. 
From these data it may be concluded that about one-third of the phosphate in 
milk is organically bound and not available for exchange to ion-exchange resins. 
This is in agreement with data reported by Ling (9). 


1414 J. M. BAKER ET AL 


An insoluble ion-exchange resin acts as though it were in true solution and 
gives a direct measure of the amount of ionic calcium and phosphate. available 
for a chemical reaction in a given sample for a definite time. The changes in the 
slopes of the curves (Figures 1 and 2) of resin-contact time against per cent 
exchanged show the comparative quantities of calcium which are available to the 
resin from their natural states in milk and of phosphorus which are available 
from the milk under the conditions of this experiment. A semi-log plot (Figure 
1) of concentration versus contact time for calcium removal from the skimmilk 
shows a change in the rate constant in the 150-180 second contact time range. 
This change in the rate constant of removal can be interpreted as caused by the 
competition of the various components in milk and the active sites on the ion 
exchange resin for the calcium. The various component forms of calcium are 
considered as ionic, complexed and/or colloidal. The slope obtained with short 
resin contact times (10 to 180 seconds) is interpreted as due to exchange of 
calcium from the ion. and dissolved complexes, whereas the second slope with 
contact times of the order of 3 to 5 minutes represents exchange of ions from 
colloidal phases. 

Under the conditions of this experiment, the curve (Figure 2) indicates a 
constant rate of removal of inorganic phosphate to the 65% level, but there is 
very limited exchange of the organic phosphate present if the assumption is 
made that about one-third of the total phosphorus is present as organically bound 
phosphorus. 

Since the slopes of the equilibration curves are finite, it is indicated that an 
appreciable time is required to remove calcium or phosphate from the various 
states in which they exist in milk and that small amounts from these states are 
being removed, even at the 10-second time interval. However, these times are 
quite short and indicate that any measurement of the ionic calcium or phosphate 
of milk must be instantaneous, or must be of such a nature that no disturbance 
of the equilibria in milk is brought about. 


SUMMARY 


An ion-exchange resin-contact time equilibration procedure has been devel- 
oped for the study of the inorganic equilibria of cations and anions in raw skim- 
milk and processed milks. With this method it is possible to study directly 
changes in the cation-anion components of milk and the various phases involved, 
as a function of processing conditions. Data are presented to show removals of 
calcium and phosphorus from raw skimmilk and true solutions at various contact 
times. Thirty-six per cent of the total calcium was removed from milk during 
10 seconds contact. The rate constant for the removal of calcium was found to 
remain constant to the 90% level, after which the rate constant decreased. 

The reproducibility of the resin-contact time method for calcium was con- 
sidered good. The average standard deviation was found to be +0.38 mg., and 
the average error for all contact times studied was +1.64% of the per cent 
exchanged. 

With a 10-second contact time about 44% of the total phosphorus was ex- 
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changed. A nearly constant rate of removal occurred as a funetion of contact 
time to the 65-68% removal point. The removal leveled off at this time. These 
studies indicate that about one-third of the phosphate in milk is organically 
bound and not available as ions. 

The slopes of the curves for contact times of 10 to 180 seconds are interpreted 
as due to the exchange of calcium from the ionic and dissolved complexes, 
whereas the slopes for contact times of 3 to 5 minutes are due to exchange from 
colloidal phases. 

The resin-contact time method does not have many of the uncertainties in- 
herently present in methods such as dialysis, ultrafiltration, centrifugation, and 
rennet and other precipitation techniques. 
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FROZEN HOMOGENIZED MILK. LX. FREEZING CHARACTERISTICS 
OF HOMOGENIZED AND UNHOMOGENIZED MILK 


C. J. BABCOCK anp D. R. STROBEL 
Livestock Products Division, Foreign Agricultural Service, USDA 
AND 
LT. COLONEL Rf. H. YAGER anp E. S. WINDHAM 


Veterinary Division, Army Medical Service Graduate School, 
Walter Reed Army Medical Center, Washington, D. C. 


Previous studies (1, 2, 3, 4, 5, 6,7, 8) have revealed that various factors affect 
the keeping quality of frozen homogenized milk. Two of these studies (2, 3) 
established that when homogenized milk is frozen, the solid components tend to 
concentrate in the lower portion of the sample and that apparently there is no 
further movement of these solids after the milk is frozen. Baldwin and Doan (9) 
reported that: (a) the fat concentration in the frozen and unfrozen portions 
over the entire range of freezing is dependent upon the cream rising phenomena 
of the milk; (b) when the creaming ability is destroyed, the fat concentration 
of the unfrozen portion increased progressively with the degree of freezing, 
whereas that of the frozen portion decreased at first, but finally approached the 
fat percentage of the original milk; and (c) increased fat concentrations re- 
tarded the diffusion or concentration of the milk constituents into the unfrozen 
portion of the freezing products. 

Since the literature does not contain detailed information regarding the move- 
ment of milk constituents during various stages of freezing, with analytical 
analyses of different portions of frozen and unfrozen milk and with a comparison 
between homogenized and unhomogenized milk, the present study was under- 
taken to establish these facts on both homogenized and unhomogenized milk. 


EXPERIMENTAL RESULTS 


Homogenized and unhomogenized milk from a commercial dairy, packaged 
in 1-qt. paper containers, was used for three series of samples. Initial tests for 
fat, protein, total solids, and ash were made in accordance with official pro- 
cedures. The samples were then stored at --20° C. for freezing. After 3 hours, 
the first set of samples (1 qt. homogenized, 1 qt. unhomogenized) was removed 
for testing. It was found that freezing had begun at the top and bottom of the 
samples but that the center portion was still liquid. The liquid portions were 
pipetted from the two containers and the frozen sections were divided into top 
and bottom sections. The liquid and frozen sections were then analyzed for 
total solids, fat, protein, and ash. One hour later, the second set of samples was 
removed from the freezer. At this time, freezing had progressed so that the 
remaining unfrozen liquid was enclosed by a continuous frozen mass. The top 
frozen sections of the homogenized and unhomogenized samples were pierced, 
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and the liquid centers were pipetted out. The frozen mass of each sample was 
then divided into top, middle, and bottom sections. All sections were then 
analyzed. This procedure was followed at hourly intervals until the liquid center 
in each quart of milk had been reduced to a volume of less than 150 ml. After 
the samples were completely frozen, they were divided into six equal parts and 
each part was analyzed for fat, protein, total solids, and ash. 

The homogenized and unhomogenized milk used in the three series of samples 
was of the same quality, from the same commercial dairy, and processed and 
packaged in the same manner. The average percentages of fat, protein, total 
solids, and ash contents were 3.58, 3.23, 12.29, and 0.72 for homogenized milk; 
3.80, 3.19, 12.44, and 0.72 for unhomogenized milk. 

Table 1 shows that as the homogenized and unhomogenized milk froze there 
was a gradual but constant increase in the percentage of protein, total solids, 
and ash in the unfrozen portion of the samples and that there was a greater 
increase in the concentration of these components in the homogenized milk than 
in the unhomogenized milk. Fat in the unfrozen portion of the unhomogenized 
milk at first decreased and then increased, and the fat in the homogenized milk 
increased. 

As freezing progressed in the homogenized milk, the fat content of the top 
sections showed only slight variations but the middle and bottom sections showed 
a constant increase. In the unhomogenized milk, the fat content of the top see- 
tions showed a constant increase, the middle sections showed a decrease with 
slight fluctuations, and the bottom sections showed an increase, a decrease, and 
then an inercase. 

In the frozen sections the homogenized milk showed an increase with only 
two 4uctuations of over 0.2 in the percentage of protein, total solids, and ash 
contents. The unhomogenized milk showed a final increase in the percentage 
content in all sections, but fluctuating increases and decreases occurred during 
the course of freezing. The results in Table 2 support earlier findings (2, 3) 
that when homogenized milk is frozen the solid components tend to concentrate 
in the lower portion of the sample. In unhomogenized milk the fat concentrates 
in the upper portion of the sample while the protein and the constituents that 


TABLE 2 


Averages of analyses of six equal sections from top to bottom of three series of samples 
of homogenized and unhomogenized milk after completion of the freezing process 


yey Fat (%) Protein (%) Total solids (%) Ash (%) 

op to 

bottom) 1 uo? H U H U H U 
1 3.17 6.85 2.73 2.77 10.61 13.94 0.64 0.58 
2 2.75 3.08 2.38 2.42 9.08 9.44 0.56 0.55 
3 3.31 2.91 2.91 2.83 11.18 10.60 0.67 0.67 
4 3.61 3.27 3.31 3.28 12.87 12.23 0.78 0.77 
5 4.15 3.48 3.65 3.63 14.26 13.42 0.85 0.86 
6 4.37 3.57 4.04 3.99 15.37 14.40 0.90 0.92 

Before 

freezing 3.58 3.80 3.23 3.19 12.29 12.44 0.72 0.72 


* Homogenized. 
» Unhomogenized. 
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constitute the ash concentrate at approximately the same rate and proportion 
as for homogenized milk. 


SUMMARY AND CONCLUSIONS 


Except for fat movement, homogenized and unhomogenized milk showed 
similar freezing characteristics during freezing at —20° C. In both milks, there 
was a gradual but constant increase in the percentage of protein, total solids, 
and ash in the unfrozen portions. In the frozen sections (when divided into top, 
middle, and bottom), both milks showed a final increase in protein, total solids, 
and ash contents over the earlier observations. As freezing progressed, the 
bottom sections of both milks showed a final increase in fat content. The fat 
content of the homogenized milk increased in the middle section, whereas that 
of the unhomogenized milk decreased slightly. The top section of the homogenized 
milk showed slight variations in fat and that of the unhomogenized showed a 
constant increase. 

After freezing was completed, the homogenized and unhomogenized milks 
showed a similar concentration in the lower portion of the sample of: protein 
and milk constituents that would constitute the ash. The fat content of the 
unhomogenized milk concentrated in the upper portion of the sample. 
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In the cross-breeding investigations conducted as a part of the Cooperative 
Southern Regional Dairy Cattle Breeding Project, two groups of dairy cattle 
have been established at Beltsville, one of purebred Jerseys, the other of F, 
crosses of Red Sindhi (a Zebu breed) with Jerseys. From the studies previously 
reported (6) it has been shown that the crossbred have a greater heat tolerance 
than the Jerseys. In the process of endeavoring to determine the animal charae- 
teristics responsible for these observed differences, one of the first questions to 
arise was whether they might be due to body size or other morphological char- 
acters. In any crossbreeding investigation, moreover, it is interesting to know 
how the crossbred progeny compare in size and body form with the parent breeds 
and whether or not the crossbreds exhibit any evidence of heterosis or so-called 
‘hybrid vigor.”’ 

In this paper Sindhi-Jersey (F,) crosses are compared with their Jersey 
dams in respect to weight and with comparable Jerseys in respect to surface 
area and body form, as indicated by body measurements. 


METHODS 


All crossbred animals in this study were raised in the same way as those in 
the purebred herds at Beltsville, where the feeding and management conform 
to good dairy practice. Whole milk is fed for the first 4 to 8 weeks, depending 
upon the vigor of the calf. After this, skimmilk is fed up to 6 months of age. 
From about 3 weeks of age, the calves are fed alfalfa hay and a small amount 
of grain. The grain ration is gradually increased to a maximum of 3 Ib. daily 
by the time that skimmilk feeding is discontinued. 

For heifers over 6 months of age and for dry cows the ration consists of 
4 1b. of grain, and hay ad libitum. During lactation, hay, silage, and grain are 
fed in proportion to milk production and body weight. With the exception of 
the first lactation, when the animals are barn-fed, pasture is used in season. 

Mean body weight, up to 12 months of age, is based on an average of weights 
taken on three consecutive days, at 30-day intervals. From 12 months through 
21 months, the means are based on single day weights. 

For lactating cows, the mean is based upon the average of monthly weights 
taken over the first 10 months of lactation, adjusted for age differences due to 
calving by reference to the growth standard for Beltsville Jerseys (4). 
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Fifteen external measurements, selected from 27 employed by the Dairy 
Husbandry Research Branch for studying the relationship between body form 
and milk production (8), were used as indicators of body form. Values obtained 
on the crossbred animals are compared with the Beltsville herd average for 
Jerseys (unpublished data). This is considered more desirable than comparisons 
with standards which may be better known but which are derived from animals 
maintained under different conditions. In the first lactation group, direct 
daughter-dam comparisons were available and have been included as well. 

Body surface measurements were made with a surface integrator which con- 
sists of two wheels, the cireumferences of which are known, mounted a fixed 
distance apart, and geared to a revolution counter. One wheel has a roughened 
surface which rubs off chalk onto the hair coat as it is pushed over the surface. 
The surface area is measured on one side of the animal, with the animal standing 
squarely on all four feet, according to a routine which has been described previ- 
ously (5). 


RESULTS AND DISCUSSION 


Body weight. Figure 1 shows the comparative increase in body weight of 
Sindhi-Jersey (F,) crosses and their Jersey dams, from birth to 21 months of 
age, and the average of the first ten monthly weights during the first, second, 
and third lactations adjusted as described above. The values for heifers are 
based on 45 pairs at birth, gradually decreasing to 31 pairs at 21 months of age. 
The lactation means are for 24, 18, and 11 pairs for the first, second, and third 
lactations, respectively. 
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On the logarithmic scale, the slope of the line indicates the rate of growth 
independently of body size. The vertical distance between the two curves indi- 
eates the proportional difference in weights. The data indicate that the crossbred 
animals gain weight more readily than the Jerseys at the earlier ages and main- 
tain some of this gain even through the third lactation. 

The differences between the Jersey dams and the crosses are highly significant 
(1% level) from birth through 15 months of age. From 16 to 21 months of age, 
the differences are not significant. The difference is highly significant (1% level) 
during the first lactation but is not significant in the later lactations. These 
differences are even greater than those reported by Rathore (7), who found that 
crossbred females exceeded pure Red Sindhis by 12% in body weight at 2 years 
of age. 

The average coefficient of variation in the weights for the crossbred heifers 
is substantially the same (8.1%) as that of the Jerseys (8.7%). 

When the mean weights of the Jersey dams are compared with the Beltsville 
herd average for Jerseys (4), they tend to be slightly larger than the herd aver- 
age, but the differences are not significant. 

The size of the crossbreds has been somewhat surprising, since purebred Red 
Sindhis are smaller than Jerseys. Joshi and Phillips (3) give the average weight 
of Red Sindhi calves at birth as 40 to 45 lb. for the females and 42 to 48 lb. for 
males; the average weight for females at 12 months of age as 330 to 340 Ib.; 
at 24 months, 515 to 525 1b.; at 36 months, 640 to 6501b.; and at maturity, 650 
to 700 lb. These weights may be influenced to a certain degree by the adverse 
environment of India. Four Sindhi females born at Jeanerette, Louisiana, aver- 


TABLE 1 
Comparative body measurements of Jerseys and Sindhi-Jersey crosses at 6 months of age 
Jerseys* Crossbreds” 
Standard Standard 
Item of measurement Herd av. error Mean error Differences 
(em.) (em.) (em.) 

Height at withers 95.48 0.239 98.20 0.472 +3.798°* 
Height at hips 97.75 0.233 100.95 0.417 +3.20** 
Length of leg (foreleg) 51.04 0.160 52.76 0.467 +1,72"* 
Depth of forechest 44.44 0.131 45.34 0.218 +0.90** 
Width of forechest 23.35 0.135 25.14 0.250 +1.79"* 
Width of hips 27.36 0.109 27.94 0.169 +0.58** 
Width of pins 16.71 0.094 17.80 0.225 +1.09** 
Body length (withers to hips) 58.46 0.190 57.50 0.439 —0.96* 
Length of rump 29.08 0.108 27.81 0.248 —4,37** 
Angle of rump ‘® —2.26 0.244 —8.75 0.607 +6.49** 
Total body length (withers to pins) 87.39 0.092 85.62 0.474 -<Rigs"” 
Cireumference of forechest 113.49 0.363 118.33 0.7384 +4.84** 
Circumference of paunch 139.82 0.575 141.99 0.678 +217°* 
Length of head (poll to mouth) 33.49 0.106 36.40 0.156 +2.91** 
Width of head (width of eyes) 16.48 0.059 16.80 0.089 +0.32** 


* Data on 193 animals at Beltsville. 
» Data on 36 crossbreds. 
** Significant at the 1% level. 

* Significant at the 5% level. 
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aged 43 lb. at birth, 202 lb. at 6 months, 334 1b. at 12 months, and 408 Ib. at 18 
months of age. 

Joshi and Phillips give the average weight of mature Sindhi males as 950 
to 1,000 Ib. Of the three F, crossbred males used at Beltsville, one weighed 1,678 
lb. at 3 years and 6 months, one weighed 1,488 lb. at 3 years and 1 month, and 
the third weighed 1,408 lb. at 2 years and 1 month of age. These weights indicate 
as great or greater increase in weight in the F, males as was shown in the females. 

The larger size of the female crosses during the three lactation periods is 
associated in part with the fact that they usually showed a smaller decrease in 
body weight after calving and recovered more quickly to their normal weight. 

Body measurements. Tables 1, 2, 3, and 4 give the comparative body measure- 
ments of Jerseys and Sindhi-Jersey (F,) crosses at 6, 12, and 18 months of age 
and at first lactation, respectively. Table 1 shows that the crossbreds are taller 
and have greater body width and depth but that the length of body (withers to 
hips) and length of rump are shorter than those of the Jerseys. The most sig- 
nificant differences at 6 months of age are in the angle of rump and length of 
head. 

From Tables 2, 3, and 4 it will be seen that in most cases the differences 
between the two groups diminish with age to a nonsignificant value or actually 
become reversed. The angle of rump and length of head, however, are greater 
in the crosses at all ages. 

Table 4 also includes the means and standard errors for the Jersey dams. It 
will be seen that the means for the Jersey dams are very similar to those of the 
herd average. The average coefficient of variation of the dams and crossbred 


TABLE 2 
Comparative body measurements of Jerseys and Sindhi-Jersey crosses at 12 months of age 
Jerseys* Crossbreds” 
Standard Standard 
Item of measurement Herd ay. error Mean error Differences 
(em.) (em.) (em.) 
Height at withers 110.03 0.201 110.81 0.501 +0.78 
Height at hips 111.94 0.195 112.93 0.463 +0.99* 
Length of leg (foreleg) 54.90 0.151 56.12 0.381 +1:22** 
Depth of forechest 55.138 0.115 54.73 0.213 —0.40 
Width of forechest 30.76 0.157 31.66 0.242 +0.90** 
Width of hips 36.30 0.106 35.81 0.218 —0.49* 
Width of pins 22.50 0.122 22.32 0.192 —0.18 
Body length (withers to hips) 70.38 0.206 68.03 0.534 —8:35** 
Length of rump 35.57 0.103 33.42 0.248 —~B.15"* 
Angle of rump ‘” —2.85 0.257 —9.72 0.585 +6.87** 
Total body length (withers to pins) 105.95 0.242 101.45 0.584 —4.50** 
Circumference of forechest 142.15 0.365 144.16 0.502 +2.01** 
Circumference of paunch 171.32 0.644 171.47 1.036 +0.15 
Length of head (poll to mouth ) 39.88 0.108 42.76 0.197 +2.88** 
Width of head (width of eyes) 19.13 0.058 18.93 0.127 —0.20 


* Data on 1£8 animals in the Beltsville herd. 
» Data on 32 crossbreds. 
** Significant at the 1% level. 

* Significant at the 5% level. 
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TABLE 3 
Comparative body measurements of Jerseys and Sindhi-Jersey crosses at 18 months of age 


Jerseys* Crossbreds” 
Standard Standard 
Item of measurement Herd av. error Mean error Differences 

(em.) (em.,) (em, ) 
Height at withers 117.18 0.196 117.48 0.493 +0.30 
Height at hips 118.83 0.198 118.55 0.575 —0.28 
Length of leg (foreleg ) 56.30 0.153 58.00 0.337 +i7e°* 
Depth of forechest 60.85 0.133 59.43 0.266 ~—i.4e"* 
Width of forechest 34.35 0.168 35.05 0.333 +0.70* 
Width of hips 41.25 0.128 40.15 0.254 —~j-6e"* 
Width of pins 25.99 0.122 25.29 0.286 —@:70" 
Body length (withers to hips) 76.74 0.230 73.51 0.586 —3.23** 
Length of rump 38.91 0.101 36.30 0.297 a 
Angle of rump ‘°) —4.20 0.254 —10.17 0.775 +5.97** 
Total body length (withers to pins) 115.64 0.269 109.64 0.641 —¢.00"* 
Circumference of forechest 157.01 0.437 156.22 0.713 —0.79 
Circumference of paunch 183.93 0.665 178.75 1.668 —§.18** 
Length of head (poll to mouth ) 43.13 0.118 45.78 0.269 +2.65 
Width of head (width of eyes) 20.48 0.058 20.05 0.166 —0.43* 


* Data on 191 animals in the Beltsville herd. 
» Data on 30 crossbreds. 
** Significant at the 1° level. 

* Significant at the 5% level. 


daughters was substantially the same for the two groups (6.06 and 6.12%, 
respectively). This indicates that the crosses were as uniform with respect to 
body form as their dams at the time of measurement. 

The available data on body measurements of pure Red Sindhis are very 
limited. Table 5 presents the average measurements for four body dimensions 
for Sindhis in India as given by Joshi and Phillips (3). The data show that 
Sindhis in India are definitely smaller in all respects than the Jerseys at Belts- 
ville. 

The summary comparison, based on the ¢ test of significance, for the difference 
between the Jersey herd average and the F, crosses, for all ages, is given in 
Table 6. From this table it can readily be observed that the advantage in height 
of the crosses at 6 months diminishes to a nonsignificant value at later ages. The 
erosses also show greater depth, width, body circumference, and width of head 
at 6 months of age. These values become nonsignificant or significant in favor of 
the Jersey during first lactation. The Jerseys appear to have a greater body 
length at all ages. The differences between the two groups for angle of rump 
and length of head are significantly greater (1% level) for the crosses at all ages. 

Surface area. In a previous publication (5), preliminary measurements of 
surface area made on 20 Jersey and 20 Sindhi-Jersey crossbred animals were 
published. Since that time, more animals have been measured, but no substantial 
change occurred in the results. The data obtained on the larger group are given 
in Table 7. 

From this it will be seen that there is no significant difference between the 
Jerseys and the crossbreds in relative surface area. It would seem that any 
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TABLE 4 


Comparative body measurements of Jersey and Sindhi-Jersey crosses 
made 3 months after calving during first lactation 


Jersey dams Jerseys Crossbreds 
Std. Herd Std. Std. Differ- 
Item of measurement Mean“ error av.” error error ences® 
(em.) (em.) (em.) (em.) 
Height at withers 122.17 0.629 123.29 0.200 122.36 0.573 -—0.93 
Height at hips 123.00 0.591 123.45 0.205 123.42 0.658 —0.03 
Length of leg (foreleg) 57.47 0.483 57.58 0.190 58.02 0.446 +0.64 
Depth of forechest 64.79 0.398 65.91 0.164 64.34 0.266  —1.57** 
Width of forechest 36.24 0.425 38.27 0.199 37.69 0.401 —0.58 
Width of hips 46.78 0.274 47.67 0.169 45.55 0.315 —2.12** 
Width of pins 28.49 0.249 29.01 0.148 27.39 0.267 —1.62** 
Body length (withers to hips) 82.27 0.433 82.73 0.214 79.57 0.747 -—3.16** 
Length of rump 42.68 0.211 42.89 0.137 39.17 0.245 —3.72** 
Angle of rump ‘° —4.78 0.501 -—4.32 0.240 —10.30 0.823 +5.98** 
Total body lenjth (withersto pins) 124.91 0.527 125.74 0.095 118.74 0.944  -—7.00** 
Circumference of forechest 167.76 0.811 171.01 0.528 168.95 0.745 —2.06* 
Circumference of paunch 202.35 1.339 207.28 0.751 201.68 0.890 -—35.60** 
Length of head (poll to mouth) 45.55 0.248 46.01 0.117 48.75 0.288 +2.74** 
Width of head (width ox eyes) 21.54 0.176 21.41 0.060 20.00 0.496 —1.41** 


"Mean for 22 Jersey dams; average age 2 yr., 4 mo. 
» Data on 193 animals in the Beltsville herd, average age 2 yr., 4 mo. 
° Mean for 22 F; crossbreds; average age 2 yr., 4 mo. 
* Difference between crossbred mean and Jersey herd average. 
** Significant at the 1% level. 
* Significant at the 5% level. 


inerease in surface area that the crossbreds may gain from dewlap development 
is offset by other contour changes, such as the roundness of the hips, which result 
in corresponding decreases. 

From these figures it also will be seen that the correlation between surface 
area and body weight is not significantly improved if the comparison is made 
to the two-thirds power of body weight instead of to weight directly. As was 
previously pointed out (5), the measurements reported by Brody and Elting (7) 
are similarly unaffected by substituting the two-thirds power for the direct body 
weight, as long as adult animals are being considered. 

On the other hand, when the data of Hogan and Skouby (2), quoted by Elting 
and Brody, are examined, it appears that a better correlation is obtained even 
in their adult animals when a power of body weight is used. This led the authors 


TABLE 5 


Average measurements of four body dimensions of Red Sindhi cattle 
in India as reported by Joshi and Phillips (3) 


Age 
1 year 2 years Mature 

ltem of measurement No. Mean No. Mean "No. Mean 
(em.} (em.) (em.) 

Height at withers 12 96.62 12 106.02 51 120.73 
Depth of forechest 12 47.63 12 60.96 51 62.51 
Width of hips 12 28.78 12 33.43 51 42.09 
Circumference of forechest 12 117.48 12 133.99 51 158.37 
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TABLE 6 


Summary comparison of body measurements of Jerseys (herd average) | 
and Sindhi-Jersey crosses at various ages 


Item of measurement 6 months 12 months 18 months Ist lactation 
Height at withers ++ 0 0 0 
Height at hips +--+ he 0 0 
Length of leg (foreleg) Pare ++ ++ 0 
Depth of forechest ++ 0 
Width of forechest ++ fe be Ms 0 
Width of hips ++ 
Width of pins ++ 0 - _— 


Body length (withers to hips) - -- 
Length of rump 


Angle of rump ++ ++ +++ 
Total body length (withers to pins) -— -— os —— 
Circumference of forechest ++ ++ 0 - 

Cireumference of paunch ++ 0 ae aed 
Length of head (poll to mouth) ++ ++ ++ ++ 
Width of head (width of eyes) ++ 0 - —— 


++ Crosses significantly larger (1% level) than Jersey. 
+ Crosses significantly larger (5% level) than Jersey. 

0 Difference not significant. 

— Crosses significantly smaller (5% level) than Jersey. 
-—— Crosses significantly smaller (1% level) than Jersey. 


to subject their own as well as Hogan and Skouby’s data to a multiple regression 
analysis to determine what powers of body weight and total length fit the data 
best in the expression : 


A=K 
or Log A = log K + alog W + b log L 


Where A is surface area, W is body weight, Z is total body length (withers 
to pin-bones), K is a constant depending upon the units used, and a and b are 
power constants. The results of these analyses are given in Table 8. 

It will be seen that the present authors’ results differ considerably from those 
reported by Hogan and Skouby. It is believed that these differences cannot be 
attributed to differences in the technique used for measuring surface area but 
must reflect real differences between the two groups of animals. In adult Jerseys 


TABLE 7 


Comparisons of surface areas and body weights and the relationships between surface area 
and body weight for 32 Jerseys and 23 Sindhi-Jersey (F:) crossbred mature cows 


Jersey Sindhi-Jersey 
Standard Standard 

Item Value error Value error 
Surface area (sq. m.) 4.26 0.042 4.138 0.067 
Body weight (kg.) 454.97 6.57 441.43 9.84 
S.A. (sq. em.) /B.W." 94.44 0.88 93.60 1.462 
Correlation between S.A. and B.W. 0.715 0.167 0.730 0.211 
Regression S.A. on B.W. 0.0045 0.0008 0.0050 0.0011 
S.A. (sq. em.) /(B.W.)°" 724.57 4.43 712.03 8.15 
Correlation between S.A. and (B.W.)°* 0.739 0.161 0.749 0.206 


* Surface area/body weight. 
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TABLE 8 
Powers of body weight and length giving best fit in prediction formulas for surface area 


Using weight and length 


Method of Constant 
measuring Nature Weight Length if length 
surface of power power Constant disearded 
Authors area cattle (a) (b) (K) (K’) 
Surface Adult 
MeDowell et al. integrator Jerseys 0.4795 0.0496 1790 2277 
Surface Adult 
McDowell et al. integrator Sindhi- 0.4821 —0.0916 3392 2189 
Jerseys 
Paper Beef breeds 
Hogan and Skouby mould of similar 0.2109 0.6651 504 a 
weight 
Paper All adult 
Hogan and Skouby mould beef 0.3136 0.6523 286 —— 
animals 


and Sindhi-Jerseys the authors find total body length to have no significant rela- 
tionship with surface area, whereas in the beef animals Hogan and Skouby 
found it to be more marked than the association of body weight with surface 
area. This may reflect basic differences between beef and dairy breeds, but it 
may be that the genetic uniformity of the dairy cattle studied by the authors 
minimizes the possible influence of body length and throws correspondingly 
into relief the influence of body weight. 

If this supposition is true, then within a morphologically uniform breed a , 
good estimate of the surface area could be obtained from the weight alone, 
preferably using the square root of the body weight as the basis of calculation. 
Before this is accepted, however, further studies should be carried out within 
uniform groups of beef animals and among more widely varying breeds of dairy 
eattle. 


SUMMARY 


Data are presented on comparative body weights, body dimensions, and the 
measured surface area of Jerseys and Sindhi-Jersey (I, ) crosses. 

The mean body weights of the crossbreds are greater than those of the Jersey 
dams at comparable ages and stages of lactation. This difference, which may be 
attributable to ‘‘hybrid vigor’’ in the crossbreds, is most evident from birth to 
15 months of age. 

Body measurements made at 6, 12, and 18 months of age and during first 
lactation show that at the earlier ages the crossbreds are taller and have greater 
body width and depth, but that their body length is less. With the advance of 
age, the differences for most measurements, other than weight, between the two 
groups diminish to a nonsignificant value or actually become reversed. The 
crosses exceed the Jerseys, however, in angle of rump and length of head at all 
ages. The average coefficients of variation for body weight and body dimensions 
are substantially the same for both groups. 
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The surface area was measured on 32 Jersey and 23 Sindhi-Jersey crossbred 
cows with a surface integrator. These areas were compared with body weights. 
Neither the ratio of surface area to body weight nor the ratio of surface area to 
the two-thirds power of body weight shows a significant difference between the 
two groups. In these animals a statistical analysis indicated that the surface 
area is related to the square root of body weight but to no appreciable extent to 
total body length. 
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A COMPARISON OF FERTILITY OF BOVINE SPERMATOZOA 
STORED AT 5° C. AND -79° C. 


H. O. DUNN,’ H. D. HAPS,’ P. J. BUCKNER, G. F. YOUNG, anp E. O. CONRAD 
Wisconsin Scientific Breeding Institute, Madison 
AND 
E. L. WILLETT anp G. L. LARSON 
American Foundation for the Study of Genetics, Madison, Wisconsin 


Retention of fertilizing capacity of bovine semen diluted 1:100 and stored 
24 days at —79° C. and semen diluted 1:4 and stored 1 vear at —79° C. has been 
reported by Rowson and Polge (171). Normal, healthy calves have been born 
in England from inseminations with frozen semen (9, 10, 11). Dunn et al. (1, 2, 
3) also have produced conceptions and live calves with frozen semen. Maepher- 
son and Henderson (6) obtained favorable results with frozen semen diluted 
1:40 in a milk diluter. 

There are no reports comparing the relative fertility of unfrozen and frozen 
semen containing specific numbers of spermatozoa. Likewise, the fertility of 
frozen semen from several bulls of different breeds has not been reported, 
although Dunn et al. (1) found a highly significant difference among bulls based 
on motility of spermatozoa thawed from a —79° C. storage temperature. The pur- 
pose of this paper is to report breeding results with unfrozen and frozen semen 
from several bulls when numbers of spermatozoa per individual breeding sample 
varied and when various containers were used for frozen semen. 


EXPERIMENTAL PROCEDURE 


Processing of semen. By means of the split sample technique, a portion of 
each ejaculate was processed as unfrozen semen for storage at 5° C., and the 
remainder was processed as frozen semen for storage at —79° C. Unless otherwise 
noted, the diluting medium for unfrozen semen was a yolk-citrate extender 
containing 50% egg yolk, 50% of 2.9% sodium citrate dihydrate buffer, and 
sulfanilamide to give a final concentration of 0.3%. To this was added 500y of 
dihydrostreptomyein sulfate per milliliter of extender. 

Semen was processed for freezing by partially extending the semen samples 
in a nonglycerol extender containing 50% of 2.9% sodium citrate dihydrate 
buffer and 50% yolk. After the partially extended semen was cooled from 30° C. 
to 5° C. in a protective water bath, it was further extended with more of the 
same extender to one-half the final volume. When streptomycin was included, 
1,000y per milliliter were included in the nonglycerol semen extender to yield 
a final concentration of 500y per milliliter. Two to three hours later an equal 
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volume of glycerol-containing citrate buffer was added in five aliquots during a 
30-minute period. For field trials 1, 2, and 3, this buffer contained 20% glycerol 
by volume (v/v) and 2.32% sodium citrate. Based on a preliminary report by 
Miller and VanDemark (7) that 7° glycerol was optimal for survival of sper- 
matozoa thawed from the frozen state, the buffer was changed to contain 14% 
glycerol (v/v) and 2.50% sodium citrate for field trials 4, 5, and 6. The eompo- 
sition of the two final extenders was therefore 1.90% citrate, 25% yolk, and 10% 
glycerol (v/v) for the first three trials and 2.00% citrate, 25% yolk, and 7% 
glveerol (v/v) for the last three trials. 

After a 16-hour equilibration period, 1-ml. quantities of glycerolated semen 
were dispensed into the appropriate semen containers, as described in the sepa- 
rate field trials, and placed in an isopropy] alcohol bath at 5° C. for freezing. 
Cork-stoppered glass tubes were partially immersed to prevent seepage of alco- 
hol around the corks, whereas all other containers were completely immersed. The 
temperature of the bath was lowered 0.8° C. per minute with Dry Ice until 
—15° C. was reached. The freezing rate then was increased to 3° C. per minute 
according to the method of Polge and Lovelock (8). 

Storage, transportation, and thawing procedures. Containers of frozen semen 
were stored at the laboratory in cardboard boxes or in polyethylene bags beneath 
Dry Ice in a large, insulated chest. Frozen semen was transported in a Thermos 
vacuum flask surrounded by crushed Dry Ice. In trial 6, the containers were 
immersed in aleohol during storage and transportation in the field. 

In trials 1 through 4, the thawing temperature of the water baths was luke- 
warm (30° to 38° C.). In trial 5, the temperature was carefully controlled at 
40° C. The samples in trial 6 were thawed in a pint of 5° C. water in a small 
vacuum bottle. This was done because laboratory studies by Miller and Van- 
Demark (7) and preliminary breeding trials by Dunn ef al. (1) had indicated 
that 5° C. may have certain advantages over 40° C. for thawing frozen sper- 
matozoa. Since the minimum thawing time was 6 minutes, each sample was 
placed in the cold water bath when leaving one farm to thaw while traveling 
to the next farm. 

Measurement of fertility. Fertility of all semen samples was measured by 
ealeulating the percentage of first service cows not returning to service within 
60 to 90 days after breeding. Services made by all field technicians the day 
after collection were included in the fertility data for unfrozen semen. The 
effect of glycerol per se on fertility of bovine spermatozoa (4, 5) was confounded 
with the combined effect of freezing and thawing. 


RESULTS AND DISCUSSION 


Trials 1 and 2. The first two field trials were run in September and October, 
1952. Cork-stoppered glass tubes served as containers for the frozen semen. No 
antibacterial agents were included in the extender for the frozen semen. In trial 
1, the average total number of spermatozoa per milliliter was 15 million for the 
unfrozen semen and 36 million for the frozen semen. In trial 2, the average 
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concentrations were 17 and 20 million total spermatozoa per milliliter for the 
unfrozen and frozen semen, respectively. Frozen semen was stored from 1 to 7 
days. The 60- to 90-day nonreturn rates are shown in Table 1. 


TABLE 1 


60- to 90-day nonreturns to first services for unfrozen semen stored at 5° C. 
and frozen semen stored in cork-stoppered glass tubes at -79° C. 


Unfrozen (5° C.) Frozen (-79° C.) Diff. 
in % 
Trial Bull Services Nonreturns Services Nonreturns N.R. 
(No.) (%) (No.) (%) 
1 A 74 81 21 76 — § 
B 69 67 31 48 —19 
C 138 71 20 60 —11 
Totals and 
averages 281 73 72 60 33 
2 A 96 61 43 72 +11 
A 130 69 65 54 —15 
D 96 70 2 35 —35 
E 76 70 22 55 —1§ 
F 103 74 78 60 —14 
G 61 80 27 70 —10 
Totals and — 
averages 562 7 287 56 —14 


Only one of the nine collections gave satisfactory nonreturn rates for frozen 
semen compared to the unfrozen control. The three collections from Bull A 
showed considerable variation in fertility for both treatments. Post-thawing 
motility estimations made before samples were taken into the field were 40% 
or higher for all collections and did not appear to be related to the per cent 
nonreturns. The first calf produced from these inseminations was born in May, 
1953. The first 21 calves born from frozen semen were checked and found to be 
normal and healthy. There were 8 males and 13 females, including two sets of 
twin heifers. 

In addition to the three collections from Bull A, included in Table 1, a fourth 
collection from this bull was frozen and stored 4 months in cork-stoppered glass 
tubes. The 60- to 90-day nonreturn rate for 49 services to samples containing 
no streptomycin was 55%, and for 69 services to samples containing 500y of 
streptomycin the nonreturn rate was 64%. Additional replication would be 
necessary to make a test of significance of the difference of these two means. In 
view of supporting laboratory data (3), at least one antibiotic such as strepto- 
mycin was satisfactory for frozen semen storage. 

Trial 3. A comparison of the fertility of unfrozen and frozen semen was 
made in a split-plot design with three collections from each of seven Holstein 
bulls. Semen was collected from one bull each day of the week for three suc- 
cessive weeks during January and February, 1953. Shipments of semen on 
successive days were rotated among three groups of technicians to enable each 
technician to breed cows with unfrozen and frozen semen from all breeds. Each 
group of technicians used unfrozen semen the day after collection and frozen 
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semen 2 days later. In this trial, 500y of dihydrostreptomyein sulfate per milli- 
liter was ineluded in both extenders. The dilution rates averaged 1:141 (range 
1:66 to 1:254) to give 12 million total spermatozoa per milliiiter. One-ml. por- 
tions of frozen semen were stored in 5-ml. polystyrene vials with polyethylene 
eaps.° The 60- to 90-day nonreturns are presented in Table 2. 


* Manufactured by the Insemikit Company, Ine., Baraboo, Wis. 


TABLE 2 


60- to 90-day nonreturns to first services for unfrozen semen stored at 5° C. and frozen semen 
stored in polystyrene vials at —79° C. (12 million total spermatozoa per insemination) 


Unfrozen (5° C.) Frozen (-79° C.) . 
in % 
Bull Services* Nonreturns Services* Nonreturns N.R. 
(No.) (%) (No.) (%) 
1 91 71 52 44 —27 
2 82 76 57 56 —20 
3 76 63 79 23 —40 
+ 77 74 45 56 —18 
5 81 69 76 59 —10 
6 51 63 70 56 — 7 
7 81 56 60 40 —16 
Totals and 
averages 539 68 439 47 —2i 


* Total of services for each of three collections. 


The analysis of variance revealed a highly significant difference between 
treatments (P < 0.01), a significant difference among bulls (P < 0.05), and no 
significant difference within bulls. The average number of motile spermatozoa 
per milliliter of unfrozen and frozen semen, as determined in the laboratory 
prior to shipment, was 7.8 and 7.1 million, respectively. It was postulated that 
the low nonreturn rates for frozen semen were partly attributed to seepage of 
aleohol into the vials and the difficulty of effecting a rapid thawing of the sam- 
ples in the large plastic vials. This container was not satisfactory for storage of 
frozen semen. 

Trials 4, 5, and 6. The 60- to 90-day nonreturn data for trials 4, 5, and 6 
are shown in Table 3. In trial 4, samples of frozen semen from six bulls of the 


TABLE 3 


60- to 90-day nonreturns to first services for unfrozen semen stored at 5° C. and frozen semen 
stored at —79° C. in hermetically sealed glass ampules and polyethylene bulbs 


Unfrozen (5° C.) Frozen (-—79° C.) 
Services Nonreturns Services Nonreturns 
(No.) (%) (No.) (%) 
Trial 4 702 69 73° 69 
Trial 5 2688 71 681* 63 
Trial 6 1891 74 298° 60.7 
313° 62.3 


* Services to samples stored in glass ampules. 
» Services to samples stored in polyethylene bulbs. 


FERTILITY OF STORED BOVINE SPERMATOZOA 1433 


Holstein, Guernsey, Jersey, Brown Swiss, and Angus breeds were stored in 
hermetically sealed, 2-ml. glass ampules* at -79° C. for 3 to 8 weeks. The average 
number of spermatozoa per insemination was 21 million for unfrozen and 18 
million for frozen semen. The fertility rates were the same for both treatments, 
although the number of services was much smaller for frozen semen. 

In trial 5, semen samples from 15 bulls of the same breeds were extended to 
give an average of 18 million total spermatozoa per milliliter of unfrozen and 
frozen semen. Storage of frozen semen was 1 to 14 weeks at —79° C. in her- 
metically sealed glass ampules. Throughout this experiment, technicians were 
aided by assistants who kept the thawing water at a constant temperature of 
40° C. The fertility of the frozen semen was eight pereentage units lower than 
the unfrozen semen. 

In trial 6, 15 collections from eight Holstein bulls were stored on a split- 
sample basis in glass ampules and in polyethylene bulbs® up to 4 weeks at 
~79° ©. The bulbs were sealed with polyethylene plugs prior to freezing. To 
standardize the field operation of removing the thawed samples from the con- 
tainers, the bulbs were inverted and clipped open on the bottom to permit 
insertion of the inseminating tube. The difference of 1.6 percentage units in 
favor of the bulb container was not statistically significant (P > 0.05). The 
fertility of unfrozen semen differed significantly from that of the frozen semen 
(P < 0.01). 

In addition to these trials, a few breedings were made with frozen semen 
samples thawed in the morning and transported at the thawing temperature of 
5° C. during the day. The 39 services to four bulls whose semen had been stored 
up to 12 weeks prior to thawing yielded a 60- to 90-day nonreturn rate ot 64%, 
as compared to 747 for unfrozen semen. The maximum storage from thawing 
to time of insemination was 8 hours. Additional field experiments are necessary 
to establish the safe storage period after thawing spermatozoa from the frozen 
state. 

SUMMARY 


Six field trials were conducted to compare the fertility of unfrozen semen 
stored at 5° C. for 1 day with frozen semen stored at —79° C. for periods varying 
from 1 day to 14 weeks. The average 60- to 90-day nonreturn rate was 71% 
for 6,663 inseminations with unfrozen semen and 59% for 2,163 inseminations 
with frozen semen. 

The split-sample technique was used to compare the fertility of frozen semen 
stored at —79° C. in hermetically sealed glass ampules and in polyethylene bulbs. 
There were 298 inseminations with samples stored in glass ampules and 313 
inseminations with samples stored in polyethylene bulbs. The 60- to 90-day 
nonreturns were 60.7% and 62.3%, respectively. The difference of 1.6 per- 
centage units in favor of polyethylene bulbs as containers for frozen semen was 
not significant at the 5% level of probability. 


* Manufactured by Hughes-Murray, Ine., Newark, N. J. 
* Manufactured by the Insemikit Co., Ine., Baraboo, Wis. 
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THE RELATIONSHIP BETWEEN FORAGE DRY MATTER 
DIGESTIBILITY AND WEIGHT GAIN BY DAIRY HEIFERS ON THREE 
WINTER GRAZING CROPS’ 


M. E. McCULLOUGH, D. M. BAIRD, anp O. E. SELL 
Georgia Agricultural Experiment Station 
Experiment, Georgia 


Annually seeded winter forages have received considerable attention in 
recent years as a means of providing feed for milk production in the South. 
In general, such forage has proven superior to ordinary barn rations of hay 
and grain. The literature contains little information on the use of such forages 
for growing dairy heifers. 

Oats is perhaps the most widely grown temporary crop for winter grazing; 
rye is also used very generally. Much interest has been shown in recent years in 
rescue grass for winter grazing. One objective of this experiment was to deter- 
mine the dry matter digestibility and the weight gains made by dairy heifers 
on three winter grazing crops. 


EXPERIMENTAL PROCEDURE 


Three forages, Abruzzi rye, Arlington oats, and Chapel Hill reseue grass, 
were seeded September 22, 1953. Two 1-acre plots of each forage were planted 
at recommended seeding rates, and 400 Ib. per acre of 4-8-6 fertilizer was drilled 
at seeding time. In addition, the forages were topdressed with 100 lb. of ammo- 
nium nitrate on October 14 and again on February 2. Beeause of a lack of rain- 
fall during the autumn months, the forages were not available for grazing until 
January 4. 

Seven Guernsey and two Jersey heifers were divided into three groups accord- 
ing to weight and were used in a 3 X 3 Latin square design during an 18-week 
trial divided into three 6-week periods. 

The average weight of the heifers at the beginning of the experiment was 
328 lb. To permit regrowth of the forages, the animals were shifted between 
replicates every 2 weeks. The animals received no feed in addition to the forage. 
A salt-mineral mixture was fed free choice throughout the experiment. 

One-day weights were recorded at 14-day intervals. Fecal samples (grab) 
were collected at 14-day intervals for the determination of dry matter digesti- 
bility by the chromogen technique outlined by Reid et al. (4). Coefficients of 
apparent digestibility of dry matter were calculated from fecal chromogen con- 
tent with the formula suggested by Reid ef al. (4). Hand-clipped forage samples 
(clipped to a 114 ir. stubble height) were collected at intervals throughout the 
experiment, and ‘‘proximate’’ analysis was determined by A.O.A.C. methods (1). 
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RESULTS AND DISCUSSSION 


The chemical composition of hand-clipped samples of the three forages is 
shown in Table 1. The dates of sampling were mid-points in each of the three 
6-week periods. In general, the values are typical of the change in composition 
of winter forages and need no explanation. The increase in crude protein will 
be discussed later. 


TABLE 1 
Chemical composition of the three forages by periods (dry matter basis) 

Crude Ether Crude 
Forage Date protein extract tiber N.P.E. Ash 
(%) (%) (%) 
Oats 1/19/54 19.00 4.29 14.15 54.24 8.31 
3/ 4 /54 29.30 5.36 17.46 39.19 8.67 
4/14/54 14.91 3.27 22.28 51.64 7.88 
Rye /19/54 22.73 5.40 13.77 50.60 7.47 
3/4 /54 25.44 4.74 18.99 46,72 10.88 
4/14/54 16.89 3.76 28.19 45.21 5.94 
Rescue 1/19/54 22.02 4.77 16.82 46.33 10.05 
3/4 /54 25.44 5.14 18.17 40.40 10.29 
4/14/54 13.98 3.18 30.70 44.79 7.34 


An analysis of variance of the average daily gains and dry matter digesti- 
bility by 14-day periods vielded statistically significant differences between 
periods only. The data for weight gains and digestibility by periods have been 
summarized in Table 2. 


TABLE 2 
Mean dry matter digestibility, mean average daily gain, and correlations between the two 
Mean 
Correlation between 
Dry matter Daily dry matter dig. and 
Period Forage dig. gain daily gain 
(%) (1b.) (r) 
1 Oats 75.9 1.71 (all forages) 
Rye 75.8 1.22 
Rescue 75.7 0.97 —0.011 
2 Oats 75.9 2.12 
Rye 76.8 1.97 
Rescue 77.3 1.92 +0.304 
3 Oats 70.0 1.92 
Rye 68.1 1.74 
Rescue 71.1 2.01 +0.512* 


* Significant at the 1% level. 


The average dry matter digestibility values show a remarkably small range 
and a remarkably high value throughout the experiment. Repeated observations 
of winter forages at this station have shown this as a dominant characteristic of 
winter forages. The generally low temperatures apparently serve to maintain 
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the forages in a leafy stage of growth throughout most of the winter grazing 
period. The first distinct signs of stem growth appeared about March 17 in the 
rye, but stems were not apparent on the oats and rescue until about April 1. 

If dry matter digestibility is used as a criterion of forage feeding value, the 
small and nonsignificant correlations obtained between dry matter digestibility 
and average daily gains during Periods 1 and 2 would indicate that forage 
quality was not a limiting factor in weight gains until the forages began to 
mature in Period 3 (Table 2). These observations are similar to those made 
previously at this station with milking cows (2, 3). 

Weight gains on winter forage are somewhat difficult to explain. The average 
daily gains during Period 1 are lower than in either of the two other periods. 
Apparently part of the difficulty is due to climatie conditions. The sharp rise 
in weight gains in March corresponds to the beginning of warm spring days. 
This sudden rise in weight gains at this season is a regularly observed phenome- 
non in this area and to date has not been fully explained. The slight rise in 
crude fiber of the forage in the March 3 samples was accompanied by a decrease 
in the scouring usually associated with winter forage. Further work is necessary 
to establish the relationship, if any, between crude fiber, scouring, and weight 
gains of animals grazing winter pastures. The forage grazed during Period 1 
should not have been deficient in protein, and the sharp decline in crude protein 
during Period 3 was not accompanied by a correspondingly sharp fall in weight 
gains. 

It should be pointed out that the forage samples collected for chemical analy- 
sis were hand clipped to a uniform stubble height of about 114 in. During 
Period 1 and to a considerable extent in Period 2 the animals grazed the three 
grasses fairly uniformly, and the chemical analysis of the hand clipped forage 
should be typical of the forage actually grazed. There was considerable selective 
grazing, however, in the last period so that chemical analysis of the hand clipped 
forage may not be typical of what the animals actually consumed. 

Finally, it was of interest to observe the excellent rate of gain and growth 
of the heifers wintered on pasture alone. The animals gained an average of 218 
lb. each during the 112-day trial. Although there were no significant differences 
between the average daily gains on the three forages, the fact that the heifers 
on oats averaged 242 lb. of weight gain and those on rescue and rye averaged 205 
and 207 lb., respectively, may be of practical value in selecting the forage to be 
used. The heifers all finished the trial in excellent physical condition and were 
well developed for their age. 


SUMMARY 


Nine dairy heifers, averaging 328 lb. at the beginning of the experiment, 
were used in a 3 X 3 Latin square to study the relationship between dry matter 
digestibility of winter forages and weight gains. Three forages, Abruzzi rye, 
Arlington oats, and Chapel Hill rescue, were used in an 18-week trial divided 
into three 6-week periods. Dry matter digestibility was apparently not a limiting 


' 
| 


1438 M. E. McCULLOUGH ET AL 


factor until the forages began to mature in Period 3. Average dry matter diges- 
tibilities for the forages were: rye, 73.5% ; oats, 73.9%; and reseue, 74.7%. 
Average daily gains of heifers were: on rye, 1.64 lb.; on oats, 1.91 lb.; and on 
rescue, 1.63 Ib. 
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SEMEN PRODUCTION AND FERTILITY OF DAIRY BULLS 
EJACULATED EITHER ONCE OR TWICE AT INTERVALS OF EITHER 
FOUR OR EIGHT DAYS 


R. W. BRATTON anv R. H. FOOTE 
Department of Animal Husbandry, Cornell University, Ithaca, N. Y. 


The increased usefulness of dairy sires through artificial breeding has come 
about primarily from increased extension rates of semen and improved extenders 
and processing procedures. Although there is still room for substantial improve- 
ment in each of these areas, it seems that further increases from these sources 
are likely to be rather small and costly to obtain. 

In contrast to the above situation, little is known about the maximum number 
of spermatozoa that can be obtained from bulls, particularly over long periods of 
time, or what effects frequent ejaculation may have on fertility and subsequent 
spermatozoa production (4, 9, 10, 11, 14, 15). Work by Collins et al. (5) and 
more recently by Branton et al. (1) and Hale et al. (8) suggests that many more 
spermatozoa may be obtained from bulls than has generally been thought to be 
possible. 

Following the early work reported by Mercier et al. (11) a series of long-time 
experiments were undertaken by this laboratory in cooperation with the New 
York Artificial Breeders’ Cooperative, Inc., to obtain information on the rela- 
tionship of frequency of ejaculation to spermatozoa production and fertility. 
The results reported here are from a year-long experiment in which dairy bulls 
were ejaculated once at either 4- or 8-day intervals or twice at 8-day intervals. 


EXPERIMENTAL PROCEDURE 

Two groups of bulls each consisting of eight Holsteins, four Guernseys, three 
Jerseys, and two Ayrshires were selected from the active stud of the New York 
Artificial Breeders’ Cooperative, Inc. One group was ejaculated once at 4-day 
intervals for 360 days and the other group was ejaculated once at 8-day intervals 
for 272 days and then twice at 8-day intervals for the remaining 88 days of the 
360-day experimental period. At the time these experiments were begun (August, 
1948), the studies on sexual excitement of bulls had not been made (1, 5, 8); 
consequently, the bulls in this experiment were not restrained at the time semen 
was collected. 

Feeding and other management practices of the bulls were those common to 
the stud at that time. 

The volume of each ejaculate, the number of spermatozoa per milliliter of 
semen, and the per cent of motile spermatozoa in the ejaculates were determined 
by the routine procedures of this laboratory (12, 16). Only the semen ejaculates 
containing 900 X 10° or more spermatozoa per milliliter of semen and 70% or 
more motile spermatozoa and having a methylene blue reduction time of 7 min- 
utes or less were extended for breeding purposes. The semen was partially ex- 
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tended and cooled to 5° C. (7) and then made up to final volume with either 2.9% 
citrate-sulfanilamide volk (3, 13) or experimental whole egg extenders (6). The 
latter extenders were used for only the Holstein and Guernsey semen on a split- 
ejaculate basis to avoid confounding of these superimposed treatments with the 
collection regimes. The extenders contained no penicillin or streptomycin. 

The semen extension rates varied, depending upon the day-to-day and seasonal 
demands for semen and the amount of semen produced by the individual bulls. 
During the last 88 days of the experiment the two ejaculates obtained from the 
8-day interval bulls were mixed for processing and subsequent use in inseminat- 
ing cows. 

Breedings were made by the technicians affiliated with the New York Arti- 
ficial Breeders’ Cooperative, Inc., with semen which, on the average, was about 
33 hours old. The extended semen of a particular ejaculate was shipped to as 
many field technicians as the available volume would permit. The next time this 
bull was ejaculated his semen was shipped to technicians not receiving it the 
time before. By rotating bulls among technicians in this manner all technicians 
received about equal opportunities to use each bull. 

The average 60- to 90-day per cent nonreturns to first services for treatments 
were calculated on the basis of the average per cent nonreturns for the indi- 
vidual bulls, since the number of services for any particular bull was not a 
random variable but was, to a large extent, dependent upon his breed, his popu- 
larity and whether or not he was a young bull being sampled and held in waiting 


for an AB proof. 
RESULTS AND DISCUSSION 


In Table 1 are the group averages for the semen and fertility observations 
made during the two periods of the experiment. Of particular interest and 
importance in this table are the numbers of motile spermatozoa per ejaculate and 
per 8-day period and the per cent nonreturns to first services. During the first 
272 days of the experiment the 4-day interval bulls averaged 5.7 billion motile 
spermatozoa per ejaculate and 11.4 billion per 8-day period, whereas the 8-day 
interval bulls averaged 7.0 billion motile spermatozoa per ejaculate and per 
8-day period. Thus, per 8-day period, 63% more motile sperm were obtained 
from the 4-day than from the 8-day interval bulls. 

When the 8-day interval bulls were changed from one ejaculate to two ejacu- 
lates every eighth day their motile sperm output per 8-day period was 101.6% 
of that for the 4-day interval bulls. 

It might be reasoned that the 4-day interval between ejaculations or the col- 
lecting of two ejaculates every eighth day would result in an increased percentage 
of unusable ejaculates. However, it is now known that the basis for discarding 
ejaculates at the time this experiment was in progress was not justified (2) and, 
consequently, the estimates of the percentages of discarded ejaculates shown in 
Table I were determined on the basis of criteria used in present day operations. 
That is, an ejaculate was considered as unusable if it contained ‘‘many morpho- 
logically abnormal spermatozoa’’ or failed to meet any one of the following 
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TABLE 1 


Semen and fertility data of bulls ejaculated either once or 
twice at either 4- or 8-day intervals 


Average values 
First 272 days* Last 88 days* 


lejac.at lejac.at lejac.at 2 ejac. at 
4-day 8-day 4-day 
Criteria interval interval interval 


No. of bulls 

Ejae. disearded (% ) 

Vol. of ejae. (ml.) 

Motile sperm (%) 

10° total sperm/ml semen 

10° motile sperm/ejac. i 

10° motile sperm/8 days ; 12.6 
Total 1st services 25,187 10,187 
60- to 90-day nonreturns to Ist services (%) J 64.8 65.2 


* Three bulls in the 4-day group and one in the 8-day group died for reasons not attributable 
to the experimental regimes. 
> Average of 1st plus 2nd ejaculates. 


minimum standards: 50% motile sperm, 500 < 10° total sperm per milliliter of 
fresh unextended semen, a motility rate of 2.0 (2), 1,000 X 10° motile sperm per 
ejaculate. Because the bulls in this experiment were not restrained before 
allowing them to ejaculate, the percentages of discarded ejaculates do not appear 
excessive for any of the collection regimes. Furthermore, in terms of the per 
eent of motile spermatozoa output these diseards amount to only a few wasted 


spermatozoa. ; 

A comparison of the nonreturn rates when portions of ejaculates were ex- 
tended in either yolk—-citrate or whole egg extenders indicated that the per cent 
nonreturn averages for the two groups of bulls were not altered. Consequently, 
it was not necessary to delete the breedings made with semen extended in whole 
egg, and the fertility results reported here represent all breedings without regard 
to the kind of extenders used. 

The average 60- to 90-day per cent nonreturns were slightly in favor of the 
8-day interval bulls. The differences of 3.0 and 2.7 percentage units for the 
272-day and 88-day experimental periods, respectively, were not statistically sig- 
nificant, P < 0.05. The among-bull mean square was used as experimental error, 
since bull difference did contribute to the sampling variance between treatments. 

The trends in sperm output and fertility are of some interest in an experi- 
ment of 12 months duration. Figure 1 shows that for all practical purposes the 
trends for both motile sperm output and fertility were essentially constant 
throughout the 12 months of the experiment. 

The fact that the 4-day interval bulls did not decrease in either sperm output 
or fertility during the latter months of the experiment raises the question of 
how long this particular frequency of ejaculation could be maintained. An 
answer must await results from studies lasting several years. It also raises the 
question of what is the shortest interval between ejaculations that is compatible 
with an output of maximum numbers of highly fertile spermatozoa during a 
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Fig. 1. Time trends in spermatozoa output and fertility of dairy bulls ejaculated either 
once or twice at intervals of either 4 or 8 days. 


maximum length of time. Here, again, further research is needed. It is con- 
ceivable that an optimum relationship exists between these factors which, if 
known, would make possible the maximum rate of genetic improvement by bal- 
ancing slightly lower fertility against increased selection intensity. 

From this experiment it is concluded that a 4-day interval between single 
ejaculations or an 8-day interval between two ejaculations is not detrimental to 
semen production or fertility, and that approximately 60% more motile sper- 
matozoa can be obtained per unit time by collecting either one ejaculate at 4-day 
intervals or two ejaculates at 8-day intervals instead of one ejaculate at 8-day 
intervals. 

SUMMARY 


A group of 14 dairy bulls ejaculated once at 4-day intervals for 272 days 
averaged 5.7 billion motile spermatozoa per ejaculate. Another group of 16 
bulls ejaculated once at 8-day intervals for 272 days averaged 7.0 billion motile 
spermatozoa per ejaculate. The average 60- to 90-day per cent nonreturns to 
more than 25,000 first services per group was 61.8 for the 4-day bulls and 64.8 
for the 8-day bulls, a difference that was not statistically significant, P < 0.05. 

During an 88-day period immediately following the 272-day period the 8-day 
interval bulls were ejaculated twice every eighth day and averaged 5.7 billion 
motile spermatozoa per ejaculate and 12.8 billion per 8-day period. The 4-day 
interval bulls, continued on the original interval between ejaculates, averaged 
12.6 billion motile spermatozoa on an 8-day basis during this same period. The 
60- to 90-day per cent nonreturns to first services was 65.2 for the 4-day bulls 
and 67.9 for the 8-day bulls. Again, the difference was not statistically signifi- 
cant, P < 0.05. 
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It is concluded that one ejaculation every fourth day or two ejaculations 
every eighth day for periods as long as 1 year are not detrimental to semen 
production or fertility and that ejaculations at a rate of two per 8-day interval 
will vield about 60% more motile sperm than will ejaeulations at the rate of 
one per 8-day interval. 
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SEMEN PRODUCTION AND FERTILITY OF MATURE DAIRY BULLS 
EJACULATED EITHER ONCE OR TWICE AT 8-DAY INTERVALS 


R. W. BRATTON, R. H. FOOTE, anp C. R. HENDERSON 
Department of Animal Husbandry, Cornell University, Ithaca, N. Y. 


In a previous report from this laboratory it was shown that bulls ejaculated 
either once at 4-day intervals or twice at 8-day intervals yielded approximately 
60° more motile spermatozoa per unit time than when ejaculated only once at 
8-day intervals (2). However, those bulls were not restrained to any extent in 
order to induce a high level of sexual excitement before ejaculation, a procedure 
which has since been demonstrated by Collins et al. (5), Branton et al. (1), and 
Hale et al. (8) to effect a substantial increase in spermatozoa output. Therefore, 
another year-long experiment was started in August, 1952, to determine whether 
or not results similar to those previously reported (2) would be obtained when 
bulls were subjected to planned amounts of restraint as described by Collins et 
al. (5). 

EXPERIMENTAL PROCEDURE 


Two groups of seven Holstein bulls were selected from the active stud of the 
New York Artificial Breeders’ Cooperative, Inc. The bulls were paired on the 
basis of their previous fertility level and then the individuals within pairs were 
randomized to two groups. The groups in turn were randomized to treatments. 
On the basis of this randomization the average motile spermatozoa output per 
ejaculate during the 12 months prior to the experiment was essentially the same, 
10.6 billion for the one-ejaculate group and 11.1 billion for the two-ejaculate 
group. To avoid using the same bull on the same day each week, an 8-day interval, 
between ejaculations was established. Since it was anticipated that during the 
heavy breeding season some bulls would not furnish enough spermatozoa to make 
them available to all technicians on a particular day, the technicians were 
divided into two groups. By so doing, any one ejaculate would then meet the 
daily requirements of any one technician group. 

To minimize confounding of technician groups with treatment groups all 
bulls were alternated between groups regularly, both as regards the treatment 
group they were in and as regards the first and second ejaculates. 

For the one-ejaculate bulls the procedure for inducing sexual excitement 
consisted of allowing them to mount or attempt to mount a teaser cow or bull 
for at least 20 minutes. At the end of this time it was generally found that bulls 
were difficult to restrain so they were allowed to mount and ejaculate. Occasion- 
ally a bull required more than this standard amount of time. The same procedure 
was followed for the first ejaculate from the two-ejaculate bulls. After the first 
ejaculate was obtained, a 10-minute rest period was allowed, followed by a 
10-minute teasing period. The second ejaculate then was obtained usually with- 
out delay. 
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The volume, the per cent of motile spermatozoa (11), and the number of 
motile spermatozoa per milliliter of semen (9) were determined for each ejacu- 
late. The semen was pre-extended in 2.9% citrate-sulfa—yolk (4, 10) containing 
500 units each of penicillin and streptomycin and cooled and processed according 
to the standard procedure employed by the New York Artificial Breeders’ Coop- 
erative, Inc. (7). The final extension of the semen provided 10 x 10° motile 
spermatozoa per milliliter of extended semen at the time of shipping (7). The 
fertility of each ejaculate was based on the 60- to 90-day per cent nonreturns to 
first service cows bred by technicians affiliated with the New York Artificial 
Breeders’ Cooperative, Ine. 


RESULTS AND DISCUSSION 


Because of unexpected mortalities and injuries, two pairs of bulls were lost 
from the experiment, leaving five in each group as the basis of the data reported 
here. The semen data and fertility results are shown in Table 1. Of particular 
interest is the similarity in average number of motile spermatozoa in the first 
ejaculates, 10.6 billion for the one-ejaculate bulls and 10.3 billion for the two- 
ejaculate bulls. The 6.9 billion motile spermatozoa in the second ejaculates made 
a total of 17.2 billion per 8-day period for the two-ejaculate bulls. This repre- 
sents an increase of 62% over the one-ejaculate bulls and is comparable to the 
63% increase previously reported (2) for the total of two-ejaculates when each 
was taken at 4-day intervals versus a single ejaculate taken at an 8-day interval. 
This is a remarkable degree of agreement in view of the fact that four groups 
of bulls, two different times, and two semen collection procedures were involved. 

The average fertility of the two groups was almost identical. This can be 
seen in Table 1 and Figure 1. There was no downward trend with time in either 
motile spermatozoa output or fertility. Again the findings are similar to those 
previously reported (2). 


TABLE 1 
Semen data and fertility results for bulls ejaculated either once or twice 
at 8-day intervals during a 360-day experimental period 


Group averages 
2 ejae. bulls 
1 ejae. 
Criteria bulls Istejac. 2nd ejac. 

Number of bulls per group 5 5 
Ejaculates disearded (%) 0.0 
Volume of semen per ejac. (ml.) 10.4 8.9 8.6 
Motile sperm (%) 63.5 66.9 67.2 
Number of sperm per ml. semen x10° 1.64 1.72 1.20 
Number of motile sperm per ejaculate x10° 10.6 10.3 6.9 
Number of motile sperm per unit time (8 day »). x10° 10.7 2" 
First services (total all bulls) 40,587 27,874 23,741 
60- to 90-day nonreturns to 1st services (%) 73.3 73.6 73.4 


* This is equal to a loss of 1.6% of the motile sperm output per ejaculate. 
» This is equal to a loss of 0.8% of the motile sperm output per ejaculate. 
° First plus second ejaculates. 
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Fig. 1. Time trends in spermatozoa output and fertility of dairy bulls ejaculated either 
once or twice at 8-day intervals. 


Of the total of 775 possible ejaculates from the ten bulls, 12 were lost at the 
time of collection, five contained less than 500 < 10° spermatozoa per milliliter 
of semen, and five had less than 50% motile spermatozoa, which is an extremely 
small percentage loss of ejaculates. 

The use of these findings as a tool for improving the genetic merit of a 
population of dairy cows for milk and butterfat production is probably most 
easily visualized by considering the potential numbers of artificial breedings of 
which the ten bulls in this experiment were capable. On an operational basis of 
two ejaculates at 8-day intervals, the estimated yearly output of spermatozoa 
per bull would be: 


17.2 X 10° total motile sperm per ejaculate 
— 1.2 X 10° motile sperm per ejaculate in processing losses 
16.0 < 10° motile sperm per ejaculate available for extending 
X 45.6 collections per year 
730 xX 10° motile sperm per year 


If an extension rate resulting in 10 < 10° motile spermatozoa per milliliter of 
extended semen were used, the potential number of breedings per sire per year 
would be: 


730 < 10° 
10 < 10° 


With an estimated calving rate of approximately 56% (6) for all services, 
the potential number of progeny per sire is 73,000 < 0.56, or 40,880. Thus the 
ten bulls in this experiment demonstrated a potential of nearly three-quarters 
of a million services and a quarter of a million female progeny per year. At the 


= 73,000 
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present time it is estimated that at least 50‘ of this potential may be achieved. 

If, in the future, frozen semen should replace the present methods of pre- 
serving semen, and if other research should make possible the use of fewer 
spermatozoa per breeding, the potential number of progeny per sire per year 
could be considerably greater than 40,880. Obviously, these studies indicate that 
far fewer bulls are needed than are now used to breed the population of cows 
presently enrolled for artificial breeding. 

Over and above the direct monetary savings to be achieved by using fewer 
bulls, probably the most important implication of the results of these studies is 
that methods for the genetic appraisal and selection of sires must be more reliable 
as the number of sires necessary to breed a particular cow population decreases. 
Otherwise, the risk of unwittingly using a sire of undesirable genetic merit would 
seem to preclude attaining the potentials indicated by these studies. 


SUMMARY AND CONCLUSIONS 


A group of five Holstein bulls ejaculated once at 8-day intervals for 360 
days averaged 10.6 billion motile spermatozoa per ejaculate. In another com- 
parable group ejaculated twice at 8-day intervals during the same period of 
time the first ejaculates averaged 10.3 billion and the second ejaculates 6.9 billion 
motile spermatozoa per ejaculate. The average 60- to 90-day per cent nonre- 
turns to first-service cows was 73.3 for the one-ejaculate bulls and 73.6 for the 
first ejaculates and 73.4 for the second ejaculates from the two-ejaculate bulls. 


It was estimated that on the basis of the spermatozoa output of the two- 
ejaculate bulls the ten bulls in the experiment had a breeding potential under 
present day operational procedures of nearly three-quarters of a million services 
and nearly a quarter of a million female progeny. Such potentials emphasize 
the need for applying the best methods now available for testing and selecting 
the sires to be used so heavily. 
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THE.RELEASE OF AMMONIA NITROGEN FROM UREA, AMMONIATE 
MOLASSES, AND SOYBEAN OIL MEAL IN THE 
PRESENCE OF RUMEN MICROORGANISMS? ? 
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The hypothesis that nonprotein nitrogen might be converted to protein by 
the rumen microflora and that the protein might be subsequently digested and 
utilized was first outlined more than a half century ago (7, 29). The use of urea 
as a protein replacement has been reviewed recently by Reid (20). Nitrogen 
metabolism in the rumen has been reviewed by McNaught and Smith (13). 

The levels of ammonia and crude protein in the rumen contents at intervals 
after feeding rations with and without urea were determined in a series of inves- 
tigations at the University of Wisconsin (16, 25, 26, 27). These workers reported 
that ammonia nitrogen was released rapidly from urea in the rumen, reaching 
its peak at 1 hour in most cases. A peak in ammonia nitrogen in the rumen 
contents was reached at 3 hours under certain feeding practices (16). The fact 
that the contents of the rumen are part of a constantly changing system and 
that they are exceedingly heterogeneous and therefore difficult to sample accu- 
rately for chemical analyses prompted Pearson and Smith (17) to elaborate 
what is now known as the artificial rumen technique. These workers observed 
that the urease activity of the rumen ingesta was very great at all times of the 
day, whatever the time of feeding, and remained so little affected by relatively 
large amounts of urea that all the urea ever likely to be fed to even a high yield- 
ing cow in full lactation would be converted to ammonia within an hour after 
entering the rumen. Very rapid hydrolysis of urea was also observed by 
Lenkeit and Becker (71) and by Wegner et al. (26). In further experiments, 
Pearson and Smith (78) observed that protein synthesis from ammonia and 
protein breakdown with the production of ammonia appeared to proceed at the 
same time in rumen contents but that synthesis exceeded breakdown when 
starch, maltose, or another simple sugar was present. The influence of protein 
(3), sourees of energy (1), and minerals (4) on urea utilization in an artificial 
rumen have been reported. 

Dairymen are interested in ammonia release not only from the viewpoint of 
availability of nitrogen in‘a form usable by the microflora but also because of the 
danger of toxicosis observed in cattle when high levels of urea are fed (5, 6, 8, 
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20, 28). Recently, ammoniated molasses and other ammoniated products have 
been utilized in the rations of ruminants with favorable results (9, 10, 12, 14, 
15, 22, 23). The relative release of ammonia, if any, from these products in the 
presence of rumen microflora has not been determined. It has been shown that 
several of our common feed stuffs, including dehydrated alfalfa, sun-cured 
alfalfa, cottonseed meal, linseed meal, pulverized oats, oat meal, soybean oil meal, 
and wheat mill products (79), contain ammonia nitrogen. The possible release 
of this ammonia nitrogen in the presence of rumen microflora has not been 
studied. 

The work reported herein was undertaken to determine the relative release of 
ammonia nitrogen from urea, ammoniated molasses, and soybean oil meal, in the 
presence of rumen microflora both in the rumen and in an artificial rumen. 


EXPERIMENTAL METHODS 


The artificial rumen technique used in these investigations was similar to 
that deseribed by Arias ef al. (7). Four artificial romens were studied simul- 
taneously. They consisted of four wide-mouthed Erlenmeyer flasks of 500-ml. 
capacity suspended by means of an adjustable shelf in a glass-chambered water 
bath maintained at 40° C. Each flask was closed with a two-hole rubber stopper. 
Each of these holes was fitted with rubber tubing so that a common supply of 
carbon dioxide gas could be passed through each of the four flasks and thus 
provide anaerobic conditions. The gas in the tubing leading away from each 
flask was bubbled through 1 N hydrochloric acid to trap any ammonia that might 
be given off and carried out by the stream of carbon dioxide. The flasks of the 
artificial rumen were charged with rumen liquor taken directly from the rumen 
before the morning feeding of a fistulated steer subsisting on a ration of all 
Korean lespedeza hay. Rumen conteuts were strained through two thicknesses 
of a No. 50 grade cheesecloth, care being taken to keep the liquid warm and not 
unduly aerated. This liquid containing rumen microorganisms was introduced 
into the flasks in 200-ml. amounts, which constituted 50% of the total fermenta- 
tion volume. 

To three of the flasks were added urea, ammoniated cane molasses (15.4% 
protein equivalent ), and ammoniated invert molasses (33.3% protein equivalent), 
respectively, in such amounts that they were of equal nitrogen content. A fourth 
flask contained no added nitrogenous compounds and served as a control. To all 
flasks was added a complex mineral mixture whose composition is shown in 
Table 1. The exact contents of the flasks are as outlined in Table 2. 


TABLE 1 
Mineral solution resembling concentrated saliva 
Sodium chloride (g.).. 3.75 


1,000.00 
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TABLE 2 
Composition of the contents of the artificial rumens used in the in vitro fermentation studies 


Flask No. 
Component 1 2 3 4 


Rumen liquor................. ees 200 200 200 200 
Distilled water.............. ; 169 169 169 169 
Complex mineral mixture....... 31 31 31 31 
Ammoniated cane molasses 

(15.4% protein equivalent) .... 6.812 g. 
Ammoniated invert molasses 

(53.3% protein equivalent) ..... 3.144 g. 


As soon as the materials were added to each flask, the contents were thor- 
oughly mixed and a 25-ml. sample was withdrawn for analysis of free ammonia. 
This was designated as the 0-hour sample. Initially the flasks were sampled at 
3-hour intervals, but, since this time interval did not indicate the short interval 
trend of release, this sampling process was repeated each hour until the sixth 
hour, at which time the process was halted. A 6-hour duration of the fermenta- 
tion process was deemed sufficient, since Pearson and Smith (77) had demon- 
strated that all the urea likely to be fed a cow would be converted to ammonia 
within an hour after coming in contact with rumen microorganisms. The free 
ammonia of the artificial rumen contents was determined by a magnesium dis- 
tillation procedure (2). 

In a second series of experiments, the release of ammonia from soybean oil 
meal (44% protein equivalent) was compared to the two samples of ammoniated 
invert molasses. The artificial rumens containing the ammoniated molasses and 
the control mixture were set up exactly as described in Table 1. A fourth flask 
contained 200 ml. of rumen liquor, 169 ml. of distilled water, 31 ml. of the com- 
plex salt mixture, and 2.382 g. of soybean oil meal. The amounts of the two 
samples of ammoniated molasses and of soybean oil meal were adjusted to the 
same nitrogen content. The sampling procedure, methods used, and duration of 
fermentation were as described for the preceding series of experiments. 

In order to determine whether urease was capable of effecting the release of 
ammonia from the ammoniated molasses, it was decided to run a series of trials 
in which these materials were incubated in the presence of the enzyme. 

Solutions for this trial were made up so that there were 100 mg. of urea, 595 
mg. of soybean oil meal, 1,703 mg. of ammoniated cane molasses (15.4% protein 
equivalent), and 786 mg. of ammoniated invert molasses (33.3% protein equiva- 
lent), respectively, in 100 ml., each solution being brought up to volume. with 
distilled water. To 25 ml. of each of the solutions was added five 25-mg. pellets 
of urease (Dunning) in a small beaker. Another 25 ml. of each solution to which 
no urease was added served as a control. All samples were incubated in a water 
bath at 40° C. for 1 hour. Each sample was then transferred to a Kjeldahl flask 
for magnesium oxide distillation (2) to determine the amount of free ammonia 
nitrogen present. 

In order to obtain a clear understanding of ammonia release from these 
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materials in the rumen of the steer, it was decided to feed these substances to 
an animal possessing a rumen fistula and measure the level of free ammonia in 
the rumen liquor. 

A 3-year-old Holstein steer, fitted with a plastic rumen fistula plug, was used 
in the investigation. The steer received a ration of 15 ]b. of U. S. No. 2 Korean 
lespedeza hay daily. Diealcium phosphate and salt (equal parts) and water 
were available at all times. 

Initially, samples were taken when the steer received only the lespedeza hay. 
This trial represented a control which would reveal the approximate level of 
free ammonia released when hay alone was fed. The steer was placed on the diet 
for 15 days, being fed once daily. The steer was fed at approximately 9:00 A.M., 
allowed to eat at will, hay being usually consumed in 3 hours. The following 
moruing before feeding, grab samples were taken of rumen contents. Care was 
taken to secure three portions of approximately 250ml. each, from the top, 
middle, and lower levels of the rumen. These ingesta were composited and then 
squeezed through two thicknesses of No. 50 grade cheesecloth. A 25-ml. aliquot of 
the resulting rumen liquor was used for determination of free ammonia nitrogen. 
This sample was designated as the 0-hour sample. The animal was then fed ard 
samples were taken 1, 2, 3, 6, 9, and 12 hours later. Following another condition- 
ing period of 2 weeks, a 0-hour sample was taken and then 68 g. of urea was 
placed directly in the rumen. Care was taken to spread the urea uniformly over 
the exposed surface of the rumen contents. The 68 g. used represented approxi- 
mately 1% of the total diet, which is generally considered a safe level of feeding. 
The animal was then fed 15 1b. of lespedeza hay, and samples were secured at 
intervals and in the manner described for the control trial. 

Following another adjustment period of 2 weeks, in which only lespedeza hay 
was fed, another trial was conducted in which 535¢. of ammoniated invert 
molasses (33.3% protein equivalent) was placed in the rumen prior to feeding 
lespedeza hay. This amount was chosen so that the total nitrogen added to the 
rumen would be equal to that in the 68 g. of urea used in the previous trial. The 
procedures used were the same as in previous trials. 

Another trial, in which 1,157 g. of ammoniated cane molasses (15.4% protein 
equivalent) was placed in the rumen, was conducted after a 2-week adjustment 
period. Again, the amount of nitrogen added in the ammoniated molasses was 
equal to that added as urea in the previous trial. The procedures used were as 
previously described. 

Statistical methods used in this investigation were as outlined by Snedecor 


(21). 
RESULTS AND DISCUSSION 


The data pertaining to the release of ammonia from urea and two samples 
of ammoniated molasses of varying nitrogen content are presented in Table 3 
and Figure 1. Higher amounts of free ammonia were apparent in the artificial 
rumen solutions containing urea and the two samples of ammoniated molasses 
in the 0-hour sample than in the control. Thus it appears that some ammonia is 


a 
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TABLE 3 


The release of ammonia from urea and ammoniated molasses in the presence of rumen 
microorganisms in vitro ( Data expressed as mg. NHs-N/265 ml.) 


IN THE RUMEN 
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Flask Hours of fermentation 
deseription 0 1 2 3 4 5 6 
Urea 
Series 4 1.68 5.63 8.53 9.70 10.30 10.25 10.89 
Series 5 2.39 7.66 9.72 10.36 10.26 10.68 10.42 
Series 6 2.36 9.69 9.90 9.67 8.72 8.46 9.90 
Av. 2.14 7.66 9.38 9.91 9.76 9.80 10.40 
Ammoniated invert molasses (33.3% protein equivalent) 
Series 4 1.834 1.932 1.951 1.974 2.044 2.703 2.352 
Series 5 2.184 2.128 2.156 2.212 2.310 2.422 1.960 
Series 6 1.680 1.764 1.834 1.792 1.708 1.666 1.806 
Av. 1.899 1.941 1.980 1.993 2.021 2.265 * 2.639 
Ammoniated cane molasses (15.4% protein equivalent ) 
Series 4 2.226 1.918 1.950 1.946 1.302 1.064 1.120 
Series 5 2.324 2.380 1.946 1.708 1.414 1.148 0.784 
Series 6 2.198 2.030 1.970 1.526 0.966 0.828 0.770 
Av. 2.249 2.109 1.952 1.727 1.227 1.031 0.871 
Control flask 
Series 4 0.798 1.246 1.152 0.952 1.386 1.498 1.624 
Series 5 0.966 1.064 1.162 1.330 1.358 1.568 1.974 
Series 6 0.546 0.602 0.756 0.868 0.700 0.812 0.882 
Av. 0.770 0.971 1.023 1.040 1.148 1.283 1.493 


free when these substances are in solution and without prolonged urease action. 
The release of ammonia nitrogen from urea was high within 1 hour and gradually 
increased until a peak was reached at 3 hours. The amount of free ammonia nitro- 
gen remained at a high level for 6 hours. These results are similar to those re- 
ported by Pearson and Smith (18) except that the peak of release was not 
reached so quickly. 

There was a slight increase with each succeeding hour in ammonia nitrogen 
in the solution containing the ammoniated molasses of highest nitrogen content 
(33.3% protein equivalent). This increase may have been due to the rumen 
liquor present in the solution, as the control showed a similar increase when no 
other nitrogenous materials were present. 

The ammonia nitrogen content of the solution containing the ammoniated 
molasses of 15.4% protein equivalent showed a consistent decrease with each 
succeeding hour. This was presumably due to the utilization of the nitrogen by 
the microorganisms. This is logical to assume, since much more potential energy 
was present in this solution than in either of the other solutions. No free ammo- 
nia escaped from the fermenting material as checked by the traps through which 
the stream of carbon dioxide passed after having passed over the fermenting 
material. This is in accord with the observation of Arias et al. (1) and is in 
agreement with the work of Washburn and Brody (24), who did not list ammonia 
as one of the important rumen gases. 

In the second series of fermentations in the artificial rumen, the release of 
ammonia nitrogen from soybean oil meal (44% crude protein) and the two 
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Fig. 1. The release of ammonia nitrogen from urea and ammoniated molasses in an artificial 
rumen. 


ammoniated molasses was studied. The data are presented in Table 4 and Figure 
2. The release of ammonia nitrogen in the fiask containing the soybean oil meal 
approximated that in the control flask. The free ammonia nitrogen in the invert 
molasses of 33.3% protein equivalent was higher than that in the control at the 
beginning of the incubation period and remained higher throughout the 6-hour 
period. The free ammonia nitrogen in the flask containing ammoniated molasses 
of 15.4% protein equivalent was higher than that of the control and approxi- 
mately the same as that of the other ammoniated molasses. As the fermentation 
progressed, the ammonia nitrogen decreased until it approximated the level of 
the control by the end of the fifth hour. This phenomenon was as observed in the 
preceding series of fermentations, and again the logical explanation is that the 
higher energy furnished by the molasses stimulated greater microbial activity 
and consequent ammonia utilization. Again it appears that there is some ammo- 
nia nitrogen free in both of these ammoniated molasses, but it does not appear 
that urease of the rumen liquor is responsible for any appreciable release of 
ammonia from them. 

The data relative to the release of free ammonia from urea, ammoniated 
molasses, and soybean oil meal in the presence of the enzyme urease are presented 
in Table 5. 
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TABLE 4 


The release of ammonia from soybean oil meal (44% crude protein) and ammoniated molasses 
in the presence of rumen microorganisms in vitro (Data expressed as mg. NHs-N/24 ml.) 


Flask Hours of fermentation 
description 0 1 2 3 4 5 6 


Soybean oil meal 


Series 1 1.680 1.708 1.9382 2.254 2.408 2.422 2.415 
Series 2 0.280 0.280 0.266 0.182 0.244 0.210 0.196 
Series 3 0.784 0.798 1.022 1.078 1.134 1.092 1.316 
Av. 0.914 0.829 1.073 1.171 1.244 1.241 1.309 
Ammoniated cane molasses (15.4% protein equivalent ) ; 
Series 1 2.028 2.982 2.730 2.478 2.436 1.918 1.862 
Series 2 1.964 1.470 1.148 0.910 0.700 0.616 0.630 
Series 3 2.156 2.156 1.694 1,526 1.596 1.330 1.274 
Av. 2.316 2.203 1.856 1.638 1.577 1.288 1.255 


Ammoniated invert molasses (33.39% protein equivalent ) 


Series 1 2.800 2.562 2.758 3.388 2.912 2.814 2.982 
Series 2 1.512 1.246 1.050 1.064 1.092 1.078 1.064 
Series 3 1.974 1.904 1.792 1.960 2.198 2.380 2.366 
Av. 2.095 1.004 1.867 2.137 2.067 2.091 2.137 
Control flask 
Series 1 1.526 1.512 1.778 1.848 1.988 2.128 2.184 
Series 2 0.226 0.196 0.168 0.196 0.140 0.154 0.182 
Series 3 0.770 0.812 1.092 1.106 1.376 1.484 1.582 
Av. 0.841 0.840 1.013 1.050 1.168 1.255 1.316 


An analysis of variance of these data (Table 6) indicates that the difference 
between replications of the same treatment was not significant. The action of 
urease appears to be highly significant and the difference in free ammonia is 
highly significant (P < 0.01) when these nutrient materials are exposed to urease 
for 1 hour. The difference in free ammonia between nutrient materials is sig- 
nificant (P < 0.05) when these materials are not exposed to urease. Further 
statistical analyses were made by subjecting the data for each nutrient material 
to ‘‘Student’s’’ method of analysis for determination of significance of mean 


SOLUTION 


AMMONIATED INVERT MOLASSES (33.3%) 
= SOYBEAN OIL MEAL saul 
° ! 2 3 4 5 6 7 8 9 


HOURS IN ARTIFICIAL RUMEN 


Fig. 2. The release of ammonia nitrogen from soybean oil meal and ammoniated molasses in 
an artificial rumen. 
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TABLE 5 


The release of ammonia nitrogen in the presence of the enzyme urease _ 
(All values expressed as mg. NHs-N/25 ml. solution) 


Ammoniated molasses Ammoniated invert 
Soybean oil meal (15.4% ) Urea molasses (33.3% ) 

Urease Urease Urease Urease 

Control added Control added Control added Control added 
0.056 0.210 1.498 1.470 0.077 9.100 1.159 1.190 
0.060 0.294 1.512 1.596 0.070 7.574 1.152 1.372 
0.054 0.244 1.624 1.610 0.357 6.636 1.183 1.400 
0.056 0.224 1.624 1.596 0.350 7.161 1.176 1.386 
0.075 0.280 1.120 1.582 0.182 7.112 1.260 1.400 
0.070 0.266 1.134 1.652 0.168 7.043 1.274 1.386 
Av. 0.062 0.250 1.419 1.584 0.201 7.438 1.201 1.356 


difference. This was done to determine whether the differences in values of the 
samples incubated with urease for 1 hour as compared to those incubated without 
urease were significant. Significant differences (P < 0.01) were found with urea 
and soybean oil meal but not with either of the ammoniated molasses. Thus it 
would appear from these observations that the presence of urease is not associ- 
ated with the release of free ammonia nitrogen from the ammoniated molasses 
used in this study. It is evident that urease is capable of effecting the release of 
free ammonia nitrogen from soybean oil meal and urea under the conditions of 
this experiment. The fact that urease is capable of liberating ammonia from urea 
is, of course, well known (17). The control values for soybean oil meal and urea 
in Table 5 are lower than the 1-hour values for these substances in Tables 4+ and 
5, respectively. This is apparently due to the presence of ammonia nitrogen in 
the rumen liquor added to the artificial rumens, since no exogenous source of 
ammonia nitrogen was added to the beakers in which urease and the nutrient 
materials were incubated. 

The data relative to the level of free ammonia nitrogen in the rumen liquor 
when urea and ammoniated molasses were placed in the rumen are presented 
graphically in Figure 3. The release of ammonia from urea was very rapid, 
reaching a peak at 2 hours after feeding, with little increase from the first to 
second hours. The decline was almost as rapid as its rise, indicating rapid utiliza- 
tion by the rumen microflora and/or absorption from the rumen into the blood 
stream. The steer, however, did not show any signs of toxicosis. The level of 


TABLE 6 
Analysis of variance of the release of ammonia in the presence of urease 
Degrees of 
Faetor 8.8. freedom Variance F 
Total 246.68 47 
Nutrient with added urease 109.41 3 56.47 85.6** 
Nutrient without added urease 8.90 3 2.97 4.5* 
Urease 45.00 1 45.00 68.3** 
Replicates 0.29 5 0.06 
Remainder 23.08 35 0.66 


* Significant (P < 0.05). 
** Highly significant (P < 0.01). 
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Fig. 3. The release of ammonia nitrogen from urea and ammoniated molasses in the rumen 
of a fistulated steer. 


ammonia reached in the rumen liquor was approximately that reported by Pear- 
son and Smith (18). It is of interest that in the artificial rumen the free ammonia 
remained at a high level at 6 hours, whereas in the rumen there was a great 
decline by that time. This is no doubt due to the fact that in the former case 
there was a closed system, whereas in the rumen the system was moving and 
microbial activity was greater because of more favorable conditions. Too, it is 
well known that ammonia is absorbed through the rumen wall in the intact 
animal, whereas none can escape from an artificial rumen by this means. 

The level of ammonia nitrogen in the rumen liquor when ammoniated cane 
molasses (15.4% protein equivalent) was placed in the rumen was similar to that 
observed in the artificial rumen. The level of ammonia nitrogen was lower at 6 
hours than in the trial in which only hay was fed, indicating apparent utilization 
by the microflora. No symptoms of toxicity were observed. 

The level of ammonia nitrogen in the rumen liquor varied somewhat when 
the ammoniated invert molasses (33.3% protein equivalent) was placed in the 
rumen. At 1 hour after feeding the level of ammonia nitrogen was below that 
observed when lespedeza hay alone was fed, but at 2 hours after feeding the 
level was slightly above that observed with the other ammoniated molasses. The 
decline from the second hour followed the same trend observed with urea and 
the other ammoniated molasses, and at the end of 12 hours there was little 
difference in the ammonia nitrogen level of the rumen liquor regardless of the 
ration fed. The decline at the first hour may have been due to a sudden increase 
in the rumen contents due to a water and/or hay intake or to an error in sam- 
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pling. It is admitted that these levels of ammonia nitrogen in the rumen liquor 
are only semi-quantitative in nature, since the situation involves a system con- 
stantly moving, heterogeneous in nature, and with opportunities for fluctuation 
in volume of rumen contents at any time. 


SUMMARY 


Four series of experiments have been employed to determine the relative 
amounts of free ammonia nitrogen released from urea, ammoniated cane molasses 
(15.4% protein equivalent), ammoniated invert molasses (33.307 protein equiva- 
lent), and soybean oil meal in the presence of rumen microflora and the enzyme 
urease. 

In the first fermentation series, urea and the two ammoniated molasses were 
compared by means of the artificial rumen technique. In the second fermentation 
series, soybean oil meai and the two ammoniated invert molasses were compared 
by means of an artificial rumen. Urea, soybean oil meal, and the two ammoniated 
molasses were incubated for 1 hour at 40° C. with and without the presence of 
the enzyme urease in the media. In a fourth experiment, urea and the two 
ammoniated molasses were added to the rumen of a fistulated steer subsisting on 
a diet of Korean lespedeza hay. The level of free ammonia nitrogen in the rumen 
liquor was determined. 

Evidence is presented to indicate that there was some free ammonia in both 
samples of ammoniated molasses. The amount of free ammonia associated with 
these materials did not increase significantly with prolonged fermentation in 
an artificial rumen, nor was there a significant amount released in the presence 
of the enzyme urease. Considerable amounts of ammonia nitrogen were released 
from urea in the presence of microflora both in vitro and in vivo and in the 
presence of the enzyme urease. The release of ammonia nitrogen from soybean 
oil meal approximated that in a control flask in the presence of rumen microflora 
in an artificial rumen. The enzyme urease effected release of a significant amount 
of ammonia nitrogen from soybean oil meal, but this amount was very small 
compared to the amount released from urea. 
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EXCRETION OF DIELDRIN IN THE MILK OF COWS FED 
DIELDRIN-SPRAYED FORAGE AND TECHNICAL DIELDRIN 


RAY E. ELY anp L. A. MOORE 
Dairy Husbandry Research Branch 


AND 


R. H. CARTER, P. E. HUBANKS, anp F. W. POOS 


Entomology Research Branch, Agricultural Research Service, USDA 
Beltsville, Maryland 


Dieldrin' is a relatively new insecticide which has been satisfactory for the 
control of many insects, including species attacking forage crops. Dieldrin is 
known to be toxic to warm-blooded animals at lower levels of exposure than 
many of the other chlorinated hydrocarbon insecticides (5, 6, 7, 8, 10, 11). 
Dieldrin was found in the body fat of farm animals fed 25 p.p.m. in the diet (4), 
in the liver and kidney of rabbits fed 30 mg. or more of dieldrin per week (2), and 
in the liver and kidney of rats and rabbits dipped with a dieldrin emulsion (2). 
Dieldrin has been detected in the milk of cows sprayed at 3-week intervals for 
tick control (2) with 1 gal. per animal of a 0.1% dieldrin spray mixture. The 
authors are not aware of any reports of dieldrin excretion in milk after feeding 
sprayed forage or technical dieldrin. 

It was the object of this investigation (a) to determine if dieldrin is excreted 
in the milk of cows fed hay made from forage that had been sprayed with 
dieldrin approximately 1 week before harvesting and (b) to study the effect on 
the concentration of dieldrin in milk of various intakes of dieldrin in soybean 
oil administered orally. 


EXPERIMENTAL PROCEDURE 


Two plots of alfalfa in the same field were sprayed with 3.5 oz. and 7.0 0z. of 
dieldrin per acre on July 7, 1952. For comparison with the experimental appli- 
cations studied, dieldrin applied at the rate of 1 to 2 oz. per acre has been found 
effective for the control of grasshoppers. More than a 7-day interval between 
application and harvesting is usually recommended. The spray material was 
applied with a weed sprayer that delivered about 6 gal. per acre at a pressure 
of 40 p.s.i. The sprayer was mounted on a small truck equipped with a specially 
designed speedometer to aid in obtaining uniform coverage. 

Both plots of hay were cut on July 14, 1952, and were field-cured, field-baled, 
and stored in a hay barn until fed. The hay sprayed with 3.5 oz. of dieldrin per 
acre was fed to four milking cows from Nov. 15, 1952, to Feb. 27, 1953. The 
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hay sprayed with 7.0 oz. of dieldrin per acre was fed to the same cows from Feb. 
28 to Apr. 15, 1953. 

The animals used in this study were normal, healthy milking cows. Two 
Holstein and two Jersey cows were used in each phase of the study. Each 
animal was weighed on two successive days at 10-day intervals. All animals 
were fed sufficient hay to satisfy their appetites and provide a 10 to 15% rough- 
age refusal. Daily records were kept of the amounts of feed fed and refused 
and the amounts of milk produced. Varying amounts of a milking herd grain 
mixture were fed, depending upon the level of milk production. Samples of hay 
were taken from several locations in each bale fed and were composited for 
analyses for each 10-day feeding period. An aliquot of the milk produced by 
each animal for 2 days during each 10-day period was used for dieldrin and 
butterfat analyses. 

Dieldrin residues on the hay were caleulated from the organie chlorine 
content (corrected for the organic chlorine content of control hay samples) by 
the method of Carter and Hubanks (3). Calculations of the dieldrin concentra- 
tions in the milk were made from organic chlorine determinations by a modifi- 
eation of the method of Agazzi et al. (1) on butter oil prepared from the milk 
samples by the method of Sager and Sanders (9). 


The butter oil was analyzed for organic chlorine compounds as follows: 
Twenty grams of butter oil was saponified by refluxing for 2 hours with 10 g. of 
KOH and 150ml. of ethyl alcohol. The soap solutions were transferred to 
separatory funnels, using water to make the transfer. The soap solutions were 
extracted once with 150 ml. of Skellysolve B and twice more with 50-ml. portions 
of Skellysolve B. The combined Skellysolve B extracts were washed twice with 
50-ml. portions of water. The Skellysolve B extracts were then concentrated into 
small quartz capsules, the excess solvent was removed by an air current, and the 
residue was burned in a Shell type sulfur combustion apparatus. The concen- 
tration of chloride in the absorption bulb was determined by amperometric 
titration with 0.001 N silver nitrate. The apparent dieldrin content of 26 blank 
samples was calculated to be 0.20 + 0.02 p.p.m. This value was used to correct 
the results on the milk from the cows on the test. 

Technical dieldrin (98%) dissolved in soybean oil (100 mg. per milliliter) 
was administered by capsule twice daily to each of the cows after cessation of 
the dieldrin-sprayed hay feeding, which was replaced by a control hay containing 
no inseeticide residue. Four cows were fed different amounts of dieldrin for 50 
days, and then three of the same animals were fed increased dosages for an 
additional 40 days. 


RESULTS AND DISCUSSION 


A summary of the results of feeding the dieldrin-sprayed hay is presented 
in Table 1. The hay made from forage sprayed with 3.5 oz. of dieldrin per acre 
had an average 0.4 p.p.m. of dieldria on the hay when fed. This gave daily 
intakes of dieldrin ranging from 34.1 to 47.1 mg. per animal. The average con- 


a 


EXCRETION OF DIELDRIN IN MILK 1463 


TABLE 1 
Summary of results of feeding dieldrin-sprayed hay to dairy cows 
Av. 
daily Av. 
Feeding hay con- daily 
Animal period sumed Dieldrin on hay FCM Dieldrin in FCM 


(days) (1b.) (p.p.m.) (mg/kg) (mg. daily) (lb.) (p.p.m.) (ma. daily) (% dose) 


N297 54 26.0 0.4 0.11 47.1 15.6 1.0 ao 15.1 
N684 54 18.8 0.4 0.11 34.1 24.9 0.7 7.9 23.2 
N699 54 20.0 0.4 0.10 36.3 17.2 0.8 6.3 17.4 
N803 54 20.9 0.4 0.09 38.0 28.0 0.9 11.9 31.3 
N297 52 25.7 29 0.7 338.4 19.6 2.2 19.7 5.8 
N684 52 20.0 2.9 0.83 262.3 22.8 14 14.9 5.7 
N699 52 19.9 2.9 0.72 262.1 12.4 1.6 8.9 3.4 
N803 52 23.2 2.9 0.69 305.1 26.2 1.9 23.0 7.5 


centrations of dieldrin in the fat-correeted milk (FCM) of these animais for 
the 54-day feeding period ranged from 0.7 to 1.0 p.p.m. The average daily exere- 
tion of dieldrin in the milk ranged from 6.3 to 11.9mg. From 15.1 to 31.3% of 
the calculated dieldrin residue on the hay fed was exereted in the milk of these 
animals during the 54-day feeding period. 

The hay made from forage sprayed with 7.0 0z. of dieldrin per acre had an 
average of 2.9 p.p.m. of calculated dieldrin on the hay when fed (Table 1). The 
animals receiving this hay had an average intake of 262.1 to 338.4 mg. of dieldrin 
daily during a 52-day feeding period. The average concentration of dieldrin in 
the FCM of these animals ranged from 1.4 to 2.2 p.p.m. This represented daily 
dieldrin excretions in the milk ranging from 8.9 to 23.0mg. From 3.4 to 7.5% 
of the calculated dieldrin intake was excreted in the milk of these cows during 
the 52-day feeding period. Daily observation of the animals indicated that there 
were no symptoms of hyperexcitability, hyperventilation, muscular tremors, or 
inappetence during the feeding of either lot of dieldrin-sprayed hay. 

A summary of the results of feeding dieldrin in soybean oil is given in Table 
2. Intakes of dieldrin ranged from 50 to 1,000 mg. per cow daily. These intakes 
were equivalent to 0.36 to 8.64 p.p.m. of dieldrin in the ration (hay + grain) or 
from 0.11 to 2.32 mg. per kilogram of body weight. When these levels of intake 


TABLE 2 
Summary of results of feeding technical dieldrin in soybean oil to dairy cows 


Av. 
Feeding daily 
Animal — period Dieldrin fed daily FCM Dieldrin in FCM 


(days)  (mg.)  (p.p.m.) (mg/kg) (lb.) (p.p.m.) (mg. dailu) dose) 


N297 50 50 0.36 0.11 18.4 LZ 14.2 28.4 
N297 40 100 0.76 0.22 18.1 1Z 14.1 14.1 
N699 50 200 1.79 0.54 5.8 1.8 4.7 2.4 
N684 50 400 3.34 1,24 23.1 4.2 44.0 11.0 
N684 40 600 5.52 1.85 21.5 6.6 64.7 10.8 
N803 50 800 5.97 1.81 26.2 9.7 115.0 14.4 
N803 40 1000 8.64 2.32 21.7 13:1 128.7 12.9 
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were fed, the FCM contained from 1.7 to 13.1 p.p.m. of dieldrin, and from 4.7 to 
128.7 mg. of dieldrin daily was excreted in the milk. Considerable variation was 
observed in the percentage of the dieldrin administered that was excreted into 
the milk; however, when intakes below 100mg. of dieldrin daily were fed in 
soybean oil solution (Table 2) or as a residue on sprayed hay (Table 1), higher 
percentages of the dosage fed were excreted into the milk than when higher 
intakes were given. The concentration of dieldrin in the milk of cows receiving 
50, 100, and 200 mg. of dieldrin daily in soybean oil solution (Table 2) should 
not be interpreted as being indicative of the precise concentration in the milk 
when administering these dosages, since these animals had previously received 
higher intakes of dieldrin on the sprayed forage fed prior to the technical 
dieldrin-feeding experiment. Subsequent work with the excretion of dieldrin in 
milk after cessation of dieldrin-feeding (Table 3) indicates that tissue excretion 


TABLE 3 
The excretion of dieldrin in cow’s milk after cessation of dieldrin feeding 
Dieldrin in FCM 
N297 N684 N803 


(p.p.m.) (mg.)* (pp.m.) (mg.)* (p.pm.) (mg.)* 


Av. during feeding periods (40 days) yy 9 14.1 6.6 64.7 13.1 128.7 
After cessation of feeding 7 days 0.7 4.9 3.3 30.1 11.1 102.9 
17 days 0.4 3.0 1.9 16.6 7.7 63.8 
27 days 0.7 5.1 1.3 11.8 9 47.0 
37 days 0.4 2.7 1.5 12.5 
47 days 0.8 5.1 tl 9.0 2.7 18.4 


*mg. of dieldrin daily in milk. 


of stored dieldrin undoubtedly contributed to the concentrations of dieldrin in 
milk that are presented in Table 2. Increasing intakes ranging from 400 to 1,000 
mg. of dieldrin daily gave progressive increases in the concentration of dieldrin 
in the milk. No symptoms of toxicity were observed with any of the animals 
receiving from 50 to 1,000 mg. of dieldrin daily. 

The excretion of dieldrin in the milk of three cows after discontinuing 
dieldrin administration was determined and is reported in Table 3. Two animals 
(N297, N684) that received 100 to 600 mg. of dieldrin daily for 40 days had 
approximately a 50% decrease in the concentration of dieldrin in the milk 7 
days after cessation of administration. Detectable amounts of dieldrin were still 
present in the milk of these two cows 47 days after cessation of feeding. The 
animal receiving 1,000 mg. of dieldrin daily for 40 days (N803) still had approxi- 
mately 20% as high a concentration in the milk 47 days after cessation uf admin- 
istration as the average concentration during the feeding period. The length of 
time that detectable amounts of dieldrin were present in the milk of these cows 
after discontinuing administration was not determined. The relatively high 
concentration of dieldrin excreted in the milk would indicate rather high storage 
in the body fat. 
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SUMMARY 


Dieldrin was detected in the milk of four cows when fed hay made from 
forage that had been sprayed with 3.5 and 7.0 0z. of dieldrin per acre. The 
average daily dieldrin intakes were 0.10 and 0.75 mg. per kilogram of body 
weight when the cows were fed the hays sprayed with 3.5 and 7.0 0z. of dieldrin 
per acre, respectively. 

Dieldrin in soybean ol solution was administered by capsule to cows in 
amounts ranging from 0.11 to 2.32 mg. of dieldrin per kilogram of body weight. 
The concentration of dieldrin in the fat-corrected milk ranged from 1.7 to 13.1 


p-p.m. 
Dieldrin excretion in the milk of animals fed from 100 to 1,000 mg. of dieldrin 


daily continued for more than 47 days after cessation of feeding. 
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IN VITRO STUDIES OF THE EFFECT OF AUREOMYCIN AND 
TERRAMYCIN ON MIXED SUSPENSIONS OF _ 
BOVINE RUMEN BACTERIA! 


P. JURTSHUK, JR., R. N. DOETSCH, J. J. MCNEILL, anp J. C. SHAW 


Departments of Bacteriology and Dairy Husbandry, University of Maryland, College Park 


There are numerous reports in the literature concerning the use of antibiotics 
for supplementing diets to produce a favorable growth response in ruminants 
(14, 22, 25). In the majority of cases this has been observed when aureomycin 
was fed to calves (2, 10, 16, 19, 20, 23, 24), and there are a few reports which 
indicate that terramycin also may act as a growth stimulant (12, 13, 17, 26). In 
addition, observations made by numerous investigators indicate that the stimu- 
lating effect of aureomycin in ruminants appears to be greatest during the early 
part of the growth period (1, 2, 7, 10, 19, 22, 23). This suggests that as the 
animal matures the effect of aureomycin as a growth stimulant decreases; there- 
fore the age of the calf is very significant with regard to its response. 

It is suggested that as the rumen develops, some factor or factors are pro- 
duced which bind the antibiotic in some way and thus inhibit its activity. If 
present, it was hoped they would be enzyme-like ‘n nature and therefore suscep- 
tible to detection by conventional techniques. 

Another study was undertaken to determine what effect aureomyein and 
terramyein had on the ability of mixed suspensions of rumen bacteria to utilize 
various carbohydrates. It was previously reported that such mixed suspensions 
could utilize xylose, arabinose, glucose, maltose, and cellobiose (4). Cultural 
studies also were conducted to determine the effect of aureomycin and terra- 
mycin on actively growing rumen bacteria. Both mixed populations and pure 
cultures were examined. 


EXPERIMENTAL PROCEDURE 


Effect of rumen bacteria on the potency of aureomycin and terramycin. 
Rumen samples were obtained from a 6-year-old Jersey cow fitted with a rumen 
fistula. Samples were taken approximately 5 hours after the animal was fed 
alfalfa hay and a grain mixture containing 16% protein. Methodology employed 
in processing and standardizing the mixed suspension of bovine rumen bacteria 
for these experiments has been described previously by Doetsch et al. (4). The 
bacterial suspension was divided into two equal (12-ml.) portions in 125-ml. 
Erlenmeyer flasks; the cells in one flask were heated to 80° C. for 15 minutes and 
the cells in the other flask were not heated. One ml. of an aureomycin solution 
(67.3 mg. aureomycin hydrochloride in 5.0 ml. of M/15 phosphate buffer, pH 
6.9 + 0.1) was then added to 6.0 ml. of both the heated and nonheated cell sus- 
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pensions in 50-ml. Erlenmeyer flasks. Heated and nonheated cells and 1.0 ml. of 
buffer in place of the aatibiotic solution served as controls. The positive control 
contained 6.0 ml. buffer and 1.0ml. of aureomyecin solution. The flasks were 
incubated at 39° C. under anaerobic conditions. Anaerobiosis was obtained by 
flushing the flasks with nitrogen gas and sealing. After 14 hours incubation, the 
cells were centrifuged out (5,400 X G) and the potency of the antibiotic in the 
supernatants in each flask was determined. This was done by means of sensi- 
tivity tests made with sterile filter paper discs and an aureomycin-sensitive 
strain of Micrococcus pyogenes var. aureus. These tests were made on nutrient 
agar plates (B.B.L.) with various dilutions of the supernatant. The concentra- 
tion of antibiotic assayed ranged from 960y per milliliter to 120y per milliliter 
(Table 1). A similar procedure was used to determine the effect of rumen fluid 


TABLE 1 


Zones of inhibition produced by residual aureomycin after incubation 
with mixed suspensions of bovine rumen bacteria* 


Nonheated cells Heated cells Buffer 

Aureomyein + 

concentration aureomycin aureomyein aureomycin 

(y/ml) (mm.) (mm.) (mm.) 

960 23 24 33 

480 22 23 27 

320 21 20 28 

160 18 17 26 

120 16 16 27 


“Ineubation period with antibiotic was 14 hours at 39° C. 


per se on the activity of aureomycin. A rumen sample was strained through 
cheesecloth and 4.0 ml. was incubated with 4.0 ml. of an aureomyein solution 
(3,000y per milliliter). Necessary controls were included and the flasks were 
incubated anaerobically for 3 hours. After incubation the rumen liquor was 
centrifuged (5,400 x G), and the supernatant was assayed for antibiotic activity. 

Another experiment was conducted with terramycin. A slightly modified 
procedure was used. A solution of terramycin was prepared (1,000y per milli- 
liter), and 8.0 ml. was added to flasks containing 8.0 ml. of standardized sus- 
pension of heated and nonheated rumen cells. Controls were run which contained 
8.0 ml. of cell suspension with 8.0 ml. of buffer, and 8.0 ml. of buffer with 8.0 ml. 
of antibiotic. After 24 hours incubation the cells were centrifuged out (5,400 x 
G), and sensitivity tests were run as previously described (Table 2). In each of 
the above experiments sterile filter paper dises were soaked in the supernatants, 
those containing the antibiotic as well as the controls, and then placed on agar 
plates seeded with: the test organism. 

Effect of aureomycin and terramycin on carbohydrate utilization by rumen 
bacteria. The experimental procedure used for this study was a modification of 
the one used by Doetsch et al. (4). The procedure differs in that aureomycin 
and terramycin were added to flasks containing 3.0 ml. of standardized rumen cell 
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TABLE 2 


Zones of inhibition produced by residual terramycin after incubation 
with mixed suspensions of bovine rumen bacteria* 


Antibiotic concentration 


(v/ml) 


Reactants 


Buffer + terramycin 2 
Nonheated cells + terramyein 16 19 22 
Heated cells + terramyein 


* Ineubation period with antibiotic was 24 hours at 39° C. 


suspension and 4.0 ml. of carbohydrate substrate. The carbohydrates (200uM per 
flask) used were xylose, arabinose, glucose, maltose, and cellobiose. The concen- 
trations of aureomycin and terramycin used were 100 and 200y per milliliter 
per flask, and only 1.0 ml. was added to the flasks receiving the antibiotic. In 
these macro-fermentation tests, controls consisted of cells plus substrate without 
antibiotic and cells with antibiotic but without substrate. Buffer was added to 
each flask to make the final volume 11.0 ml. At various intervals the contents of 
the flasks were removed and tests were conducted for the presence of carbohy- 
drates with Benedict’s reagent for reducing sugars. 

Cultural studies. Aureomycin and terramycin were added to Hungate’s 
medium (9) prior to inoculation with dilutions of a rumen sample so that the 
final concentration of antibiotic in the medium was 25y per milliliter. Prepara- 
tion of medium (No.1) and dilution blanks, in addition to the processing 
procedure, has been described previously (6). After inoculation of both media 
containing antibiotic and controls without the antibiotic, the tubes were incu- 
bated at 39° C. for 48 hours and colony counts were made (Table 3). In addition, 
penicillin G (crystalline potassium salt), aureomyein (hydrochloride), terra- 
mycin (hydrochloride), dihydrostreptomyecin sulfate, and chloromycetin (Chlor- 
amphenicol) were incorporated into modified Eugon medium (6), omitting agar 
and snifide, in concentrations (micrograms per milliliter), respectively, of 1, 1, 
2, 20, and 1. Qualitative estimations for growth were made after 24, 48, and 96 
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hours incubation at 39° C. on 16 pure cultures isolated from the bovine rumen. 


RESULTS 


Results of experiments on the effect of mixed suspensions of bovine rumen 
bacteria on aureomycin are presented in Table 1. Upon comparing zones of 
inhibition, no significant difference is observed between the heated and nonheated 
bacterial cells. However, a difference in zone diameter is observed between the 
aureomycin incubated with buffer and the aureomycin incubated with both the 
heated and nonheated bacterial suspensions. This indicates some nonspecific 
type of inactivation, most likely due to the protein nature of the cells. Inhibition 
of the test organism was not observed in the control flasks in the absence of 
antibiotic. 
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Similar results were obtained when rumen fluid was incubated with aureo- 
mycin. The concentration of eureomycin ranged from 200y per milliliter to 
1,500y per milliliter, and a nonspecific type of inactivation also was observed. 
Aureomycin when incubated with phosphate buffer retained more of its activity, 
after incubation for 3 hours, than did the aureomyein incubated with the heated 
and nonheated rumen fluid. 

The results of the sensitivity tests in which terramyecin was used are pre- 
sented in Table 2. The results indicate that there was no significant or consistent 
difference between heated and nonheated cells with regard to inactivation of 
terramycin. 

Mixed suspensions of rumen bacteria in the ‘‘resting state,’’ when incubated 
with aureomycin or terramyein (100 or 200y per milliliter per flask) did not 
utilize xylose, arabinose, glucose, maltose, and cellobiose as readily as did the 
controls. 


TABLE 3 
The effect of aureomycin and terramycin on actively growing rumen bacteria 


Colony count 
Hungate ’s medium 


containing X<10° 


Terramyein (257/ml) 0,0,0,0* 0,0,0,0 0,0,0,0,0 

Aureomycin (25y/ml1) 0,0,0,0,0 0,0,0,0 0,0,0,0,0 

No antibiotie (control) 130, 175,” 40, 24, 3,13, 6, 2, 
95, 75 35, 120 2,2,0 


* No growth. 
» Numbers represent actual number of colonies counted. 

With regard to the cultural studies, the effects of aureomycin and terramyein 


on actively growing rumen bacteria are summarized in Table 3. It was observed 
that when antibiotics were added to Hungate’s medium (final concentration of 
antibiotic 25y per milliliter) the growth of rumen bacteria was completely 
inhibited. From this one can conclude that aureomyecin and terramycin are 
definitely detrimental to in vitro growth of rumen bacteria. 

Sixteen pure cultures were selected as representative from a much larger 
collection on the basis of morphology and growth rates. The results of antibiotics 
on the growth of these cultures are shown in Table 4. Penicillin and terramycin 
were very active, whereas the three other antibiotics showed slight activity. In 
no ease was stimulation of growth observed with any of the antibioties. 


TABLE 4 
Effect of various antibiotics on growth of pure cultures of rumen bacteria 


Number of cultures 


Complete Partial 


Antibiotic Concentration inhibition inhibition Una ffeeted 
(y/ml) 

Penicillin 1 15 0 1 

Aureomycin 1 0 4 12 

Terramycin 2 13 2 1 

Streptomycin 20 0 3 13 

Chloromyecetin 1 0 4 12 
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DISCUSSION 


The purpose of the foregoing experiments was to determine whether some 
explanation could be found for the failure of antibiotic feeding to remain effective 
after the development of the rumen and its concomitant bacterial flora. From 
the results obtained in these relatively simple experiments little evidence can 
be offered that implicates enzymatie inactivation of aureomycin and terramyein 
either by mixed suspensions of bovine rumen bacteria or by rumen liquor. 

Rather high levels of antibiotic were employed in these experiments to facili- 
tate assay and because rapid decrease in potency occurs in the presence of 
proteinaceous material at 39° C. (21, 27). This fact may partly explain the 
nonspecific inactivation observed with both rumen bacterial cells and rumen 
liquor. In addition, aureomycin inactivation may occur in the presence of 
riboflavin (8), and this also may be a contributory factor sinee this vitamin is. 
present in rumen liquor (7/8). 

In vitro studies have shown that aureomycin is detrimental to certain rumen 
bacteria when initially administered to normal calves (75). Constant supple- 
mentation of the ration probably involves some adaptation of ramen bacteria 
to antibiotics as the previously cited study revealed. 

If data obtained by these in vitro experiments can be transferred to the intact 
animal it would seem that aureomycin and terramycin, at the levels employed 
in this work, interfere with the rapid utilization of carbohydrates most likely 
to be found in the plant materials of the feed. It is interesting to note that 25y 
per milliliter of aureomycin or terramycin added to a rumen sample has little 
effect on the total count obtained (17). This is interpreted to mean that the 
action of these antibiotics is bacteriostatic and not bactericidal. On the other 
hand, 25y per milliliter of aureomycin or terramycin added directly to the plating 
medium has a profound effect on the total count, and if it is assumed that a wide 
variety of authentic rumen bacteria can be cultured on this medium, it is obvious 
that the effect of these antibiotics on growth is general. The results with pure 
cultures bear out this contention with regard to terramycin. 

The effect of antibiotic feeding on certain ‘‘marker’’ organisms in the rumen 
and intestinal tract of animals has been touched upon in a few investigations (3, 
24). There is still need for more detailed studies in this direction, especially 
with organisms known to be involved in the physiological reactions of the rumen 
(Veillonella, Propionibacterium, Lactobacillus, Bacteriodes, ete.) and more par- 
ticularly on the effect of antibiotics on the over-all reactions brought about by 
the mixed bacterial flora. Such data could be obtained by using methods previ- 
ously described by this group (4), and studies might well include the effect of 
antibiotics on aspartate, succinate, and formate dissimilations, as well as poly- 
saccharide synthesis and lactic acid formation from carbohydrates (5). As this 
group has repeatedly stressed, it seems that in this direction the most fruitful 
results will be obtained for the efforts expended. 
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ON RUMEN BACTERIA 


SUMMARY 


No significant or consistent difference was observed between heated and 
nonheated suspension of bovine rumen bacteria in their ability to inactivate 
aureomyecin and terramycin. The presence of a specific heat-labile inhibitor such 
as an ‘‘aureomycinase’’ could not be demonstrated in either the mixed suspen- 
sions of rumen cells or in the rumen fluid itself. A nonspecifie type of inaetiva- 
tion was observed in some instances with aureomycin, and this was most probably 
due to the protein nature of the mixed suspensions of rumen cells. 

The presence of both aureomycin and terramycin (100y per milliliter) defi- 
nitely decreased the ability of rumen bacteria in the ‘‘resting state’’ to utilize 
the carbohydrates xylose, arabinose, glucose, maltose, and cellobiose in vitro. 

Aureomycin and terramycin when added to a plating medium (final concen- 
tration 25y per milliliter) completely inhibited the growth of bovine rumen 
bacteria, whereas when this concentration was added to rumen fluid, then plated, 
it did not. 

Suggestions for the direction in which further research on this problem 
should proceed are presented. 
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TECHNICAL NOTES 


Estimation of Vitamin A and 
Carotenoids in Calf Liver! 


The Davies method (3), which has been 
widely used for the determination of vitamin A 
and carotenoids in liver, entails a multiple 
ether extraction procedure and thus lacks the 
simplicity desired in a routine chemical analy- 
sis. Modifications of the method have therefore 
been directed towards decreasing the number of 
extractions and, in fact, it has been demon- 
strated that the vitainin A in a properly pre- 
pared sample of liver tissue can be considered, 
from a routine standpoint, to be quantitatively 
transferred into the ether phase by a single 
extraction (1, 5). 

During the past year, livers from 47 calves, 
partially depleted of their carotene and vitamin 
A stores, were analyzed by the Davies method, 
which has been used in this laboratory for 
several years, and these results were compared 
with a single extraction procedure similar to 
that of Gallup and Hoefer (4). 

The whole livers were macerated in a Hobart 
Food Chopper, sampled and stored at —18° C. 
for subsequent analysis by the Davies soced- 
ure (I) and by a modification of the Gallup 
and Hoefer method (II). 

In both procedures duplicate 7- to 10-g. sam- 
ples were brought ».:o solution with 20 ml. of 
5% aqueous potassium hydroxide by heating on 
a steam bath for % hour with intermittent 
stirring. The resulting solutions were treated 
with 5ml. of aldehyde-free ethyl alcohol and 
in (1) extracted with two volumes, 50 and 20 
ml., respectively, of diethyl ether (peroxide 
free). The ether extracts were combined, 
washed free of alkali, dried over sodium sulfate, 
and made up to volume. Suitable aliquots were 
read in an Evelyn photoelectric colorimeter for 
carotenoids and after evaporation in vacue for 
vitamin A by the Carr-Price reaction with cor- 
rection for contribution of carotene to the blue 
color. 

In (II) the saponification was carried out in 
a 250-ml. iodine flask. After treatment with 
5ml. of aleohol and cooling, about lg. of 
sodivm sulfate was added and the mixture ex- 
tracted with 30 ml. of purified Skellysolve-B by 
mechanical shaking for 20 minutes. The re- 
sulting mixture was transferred to a glass 
stoppered centrifuge tube and spun for five 
minutes at 2,000r.p.m. (Preliminary experi- 
ments indicated that efficient extraction of vita- 
min A was dependent upon the surface area 
exposed and the duration of shaking.) Suitable 
aliquots of the Skellysolve-B layer were then 
analyzed for carotenoids and vitamin A as 
above. 


*This study was supported by funds provided 
by the Chas. M. Cox Company, Boston, Mass., and 
and the Big-Y-Foundation, Norwich, Conn. 


As shown in Figure 1, average values of each 
liver for vitamin A for both methods were 
essentially the same: intercept (a) not signifi- 
cantly different from 0 and slope (b) not dif- 
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Fig. 1. Regressions of a modified procedure for 
the estimation of vitamin A and carotenoids on a 
standard procedure (Davies). 


ferent from 1 (6). Average carotenoid values, 
however, were significantly higher for the Dav- 
ies method: intercept (a) suspected not to be 
equal to 0 (P< 0.20) and slope (b) + 1 
(P < 0.01). Variance attributable to dupli- 
cate samples in the Davies method was 0.00025 
when the vitamin A concentrations were ex- 
pressed as log of micrograms plus 1. The log 
expression was necessary since duplicate vari- 
ance increased with increasing concentration. 
The variance expressed in the same manner for 
the modified procedure was 0.00012. For caro- 
tenoids duplicate variance, whose magnitude 
did not appear to have any relation to concen- 
tration, over the limited range of values, was 
0.0045 for the Davies method and 0.0004 for 
the modified procedure. The lower duplicate 
variance values for the modified procedure 
indicated greater precision, “t’” = 2.746 for 
vitamin A and “t” = 11.640 for carotenoids 
after correction for correlated data (2). 

The results of this preliminary study are in 
general agreement with previous reports (4, 5), 
ie. vitamin A was extracted as efficiently with 
one volume of Skellysolve-B as with two vol- 
umes of diethyl ether. In the case of carote- 
noids, a multiple extraction procedure appears 
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indicated, since the single extraction resulted in 
lower recoveries. 


R. H. Bunnie J. E. Rousseau, JRr., 
AnD H. D. Eatron 
Storrs (Conn.) Agricultural 
Experiment Station 
AND 
GEOFFREY BEALL 
Department of Statistics 
University of Connecticut 
REFERENCES 
(1) Ames, S. R., Ristey, H. A., Harris, P. L. 
Simplified Procedure for Extraction and 
Determination of Vitamin A in Liver. 
Anal. Chem., 26: 1378. 1954. 


JOURNAL OF DAIRY SCIENCE 


(2) CocHRan, W. G. Queries. Biometrics, “: 71. 


1945, 


(3) Davies, A. W. The Colorimetric Method of 
Determination of Vitamin A by Alkali 
Digestion. Biochem. J., 27: 1770. 1933. 


(4) W. D., Hoerer, J. A. Deter- 
mination of Vitamin A in Liver. Ind. 
Eng. Chem., Anal. ed., 18: 288. 1946. 


(5) Kaser, M., Srexot, J. A. A Critical 
- Study of the Carr-Price Reaction for the 
Determination of $-Carotene and Vita- 
min A in Biological Material. J. Lab. 

Clin. Med., 28: 904. 1943. 


(6) Youpen, W. J. Statistical Methods for Chem- 
ists. John Wiley and Sons, Ine. New 
York. 1951. 


i 
‘ 


PEOPLE ad EVENTS 
the Dairy Setence World 


Pioneers in the Dairy Industry 


This month's pioneer was born on November 
11, St. Martin’s Day, in 1874, the fifth of a 
family of ten children in a small village called 
Yezoo, in southwestern Bohemia. His was a 
simple and happy childhood. A garden, two 
cows, and a goat supplied most of the necessary 
food. A forest nearby supplied a place for 
play. Two blocks from 
the home was a build- 
ing, one half of which 
was the school, the other 
half the home of the 
teacher and his family. 
Family funds did not 
permit further educa- 
tion after grade school, 
so this 12-year-old boy, 
who was to become one 
of America’s leading 
dairy bacteriologists, 
left for a city 15 miles 
away to begin a 3-year 
apprenticeship to a 
baker. His pay was 
room and board. At the 
end of that time he received his first educational 
diploma, signed by the owner of the bakery, 
the president of the baker’s guild, and the 
mayor of the city. Thus was Martin JOHN 
Prucua prepared for life in Bohemia. Soon, 
however, came the opportunity that many young 
men of his day dreamed of—a chance to go to 
America. 

At the age of 15, in company with an older 
sister, he landed in Baltimore, Md., and took a 
train for Cleveland, Ohio, where he soon ob- 
tained a job in a bakery at $9.00 per week. 
About a year later he was invited to a secret 
meeting attended by 200 bakers, which had for 
its purpose the formation of a bakers’ union. 
The newly organized workers struck that night 
for more wages, and as a result young Martin 
was temporarily out of a job. He soon was 
reinstated at an increase in wages, but by that 
time he had developed a desire for more educa- 
tion. In the fall of 1893 he entered Calvin 
College in Cleveland. Learning of a place in 
Massachusetts where a boy could work and go 
to school at the same time, he transferred the 
following year to the Mount Hermon School for 
Boys, founded by D. L. Moopy, the famous 
evangelist. 

The next summer the panic of 1894 was 
sweeping the country. Work was searee but 


M. J. Prucha 


young Prucha was equal to the occasion. A 
minister in a small Cleveland church who 
wanted to take the summer off was looking for 
someone to take charge in his absence. Martin 
applied and was accepted. For 3 months he 
dispatched all the duties of a small chureh 
minister and earned enough money to return to 
college that fall. 

Atter graduating from Mt, Hermon in 1899, 
he went on to Wesleyan University, paying his 
way by serving as chef in a hotel. He received 
his Ph.B. degree in 1903 and became assistant 
bacteriologist at the New York State Agricul- 
tural Experiment Station. He obtained his 
M.S. degree from Wesleyan in 1908, his thesis 
being on the “Bacteriology of Cheddar Cheese.” 
He received a fellowship at Cornell in 1910, 
where he obtained his Ph.D. degree 3 years 
later. His thesis topic was the “Physiology of 
Legume Bacteria.” He served on the Cornell 
faculty as instructor and assistant professor in 
plant physiology until 1913, when he accepted 
an appointment as assistant professor of dairy 
bacteriology at the University of Illinois. 

In 1920 Dr. Prucha was made full professor 
in dairy bacteriology, in which capacity he 
served until his retirement in 1943, when he 
beeame sanitary consultant for the Aeration 
Processes Corp., Columbus, Ohio. 

Besides his studies of the bacteriology of 
Cheddar cheese, Dr. Prucha did pioneering 
work in the investigation of bacteria nodule 
formation on leguminous plants, contamination 
of milk at the barn during milking, utensils as 
a source of milk contamination, methods for 
sterilizing utensils, and the sanitary aspects 
of paper milk containers. It was in Dr. Pru- 
cha’s laboratory that the idea of whipping 
cream by aeration originated while studies were 
being made of the effect of gas pressure on 
bacterial growth. 

Dr. Prucha had the good fortune to study 
under several outstanding scientists, including 
W. H. Conn, often referred to as the father 
of dairy bacteriology in this country; W. O. 
Arwater, who with E. B. Rosa became famous 
for developing the respiratory colorimeter for 
humans; V. A. Moore of the Cornell Veter- 
inary College, another prominent bacteriolo- 
gist; and B. M. Duaear, famous plant physi- 
ologist who discovered aureomycin. 

Dr. and Mrs. Prucha have three children and 
six grandchildren. Since 1952 they have lived 
at 1415 Palmetto St., New Smyrna Beach, 
Florida. 
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Regarding the future of the dairy industry. 
Dr. Prucha says, “Milk is an important part of 
the diet of people of all ages. Changes and 
readjustinents will have to be made, but the 
dairy industry is here to stay.” 

Doctor Prucha, an honorary member of the 
A.D.S.A., is loved and respected by all who 
know him, not only for his contributions to the 
dairy industry but also for his outstanding per- 
sonality, his fine Christian character, his kindli- 
ness, and unselfishness. He has practiced the 
belief that for a teacher it is not good wisdom 
to be wise only. He taught his students much 
more than the subject matter of the course and 
has well earned a niche in the hall of fame of 
our dairy pioneers. 


Professor S. M. Salisbury Dies 


ScuuyLer M. Sauisspury, professor of dairy 
science at The Ohio State University, died at 
his home in Columbus, November 26. Professor 
Salisbury, a graduate of Ohio State with the 
class of 1913, was born at Collinwood, Ohio, 
in 1889. He served as instructor in dairying at 
the North Carolina College of Agriculture and 
Mechanical Arts 1913-1915; as assistant pro- 
fessor of animal husbandry at Ohio State 1915- 
18; as agricultural agent, Medina County, 
Ohio, 1918-20; and as professor of animal 
husbandry and head of the department, Uni- 
versity of Massachusetts, 1920-23. He returned 
to his alma mater in 1923, where he served on 
the Dairy Science staff until his death. 

Professor Salisbury is survived by his wife 
and three children, Joseph, a veterinarian of 
Indianapolis; a daughter, Mrs. Bassel Johnson 
of Hilliards, Ohio; and Glenn W., professor 
and head of the Department of Dairy Science 
at the University of Illinois. 


Dairymen to Coordinate on 
Research Information 


A plan designed to speed up dollar returns 
on the investment in dairy industry research is 
announced by the Dairywide Coordinating Com- 
mittee on Nutrition Research. 

A five-point program will make nutrition 
information available to all segments of dairy- 
ing. The information will be usable in adver- 
tising, merchandising, and public relations. 

Fourteen dairy organizations will participate. 
They are: American Butter Institute, Ameri- 
can Dairy Assoc., American Dairy Science 
Assoc., American Dry Milk Institute, American 
Farm Bureau Federation, Dairy Industries 
Supply Assoc., Evaporated Milk Assoc., Inter- 
national Assoc. of Ice Cream Mnfrs., Milk In- 
dustry Foundation, National Cheese Institute, 
National Creameries Assoe., National Dairy 
Council, National Milk Producers Federation, 
and Purebred Dairy Cattle Assoe. National 
Dairy Council will be headquarters. 

Two subcommittees have been named. They 
are the Research Survey Subcommittee, which 


will assemble nutrition research findings, and 
the Editorial Subcommittee, which will prevare 
materials based on these findings for use in 
promoting dairy foods consumption. 

The program will function as follows: (1) 
assemble and evaluate from available sources 
the consumer and professional attitudes toward 
dairy foods; (2) review scientific data to pro- 
vide factual background for public information 
about dairy foods; (3) suggest additional 
needed nutrition research which will encompass 
all phases of human nutrition as affected by 
dairy foods; (4) present to dairy industry 
authentic information about dairy foods and 
formulate recommendations for use in public 
relations, advertising, and other educational 
work; and (5) make available to dairy groups 
an annual summary of dairy industry nutrition 
research projects in progress, including name 
of director, location of project, and the objee- 
tives. 


Personnel Changes in Wisconsin 


A. B. Erexson, formerly director of research 
for the Lakeshire-Marty Division of the Borden 
Company, is now with the Company’s Pacific 
Cheese Division, at San Francisco. 

J. K. Suerman recently joined the staff of 
the Frozen Semen Dept. of the American Foun- 
dation for the Study of Geneties at Madison. 
Sherman obtained his training at Brown and 
Western Reserve Universities and recently com- 
pleted his Ph.D. work in the Univ. of Iowa 
Dept. of Zoology, his thesis involving studies 
on the freezing and freeze-drying of human 
spermatozoa. F. I. Eiiiorr, formerly head of 
the Animal Industries Dept. at the Univ. of 
Connecticut, has been in charge of frozen semen 
research at the Foundation since early in 1954. 

E. G. Retnnouz, former assistant professor 
of biology at Mission House College, Plymouth, 
Wis., has recently assumed duties as a bacteri- 
ologist with the Dairy Belt Cheese and Butter 
Company of Spencer, Wis. He is at present 
heading the research and development pro- 
gram at Spencer and is also engaged in field 
and quality control work there. 


Virginia to Hold Series of Meetings 


The Market Milk Conference and Clinie will 
be held on February 16-17, 1955. The theme 
of this conference is the HTST as related to 
modern processing needs. 

The Ice Cream Conference and Clinic will 
be held on March 2-3, 1955. Mix composition 
as related to body and texture will be discussed 
from the processing and merchandising view- 
points. 

The Cottage Cheese and Buttermilk Confer- 
ence will be held on March 16-17, 1955. The 
packaging, merchandising, and quality control 
aspects of a modern cultured products program 
will be stressed. The consumer’s viewpoint will 
be of basie importance, inasmuch as the in- 
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creased per capita consumption of cultured 
products is a state-wide program. 

Milk; strawberry, vanilla, and chocolate ice 
creams; cottage cheese, and buttermilk will be 
judged during these conferences. 


Dairy Remembrance Fund 


Since its initiation a short time ago, a number 
of organizations and individuals have begun to 
utilize the facilities of Dairy Remembrance 
Fund for the honoring of members of the dairy 
industry. The Fund reports contributions in 
honor of the following names: 


Tep HEIDENREICH 
FreD FLYNN 
Cari LARSON 


Huco H. SomMER 
Peter TRIMBORN 
Henry N. WootMAn 
CLYDE BEARDSLEE J. S. 
Oscar F. STERLING IrvinG Kocu 
DonaLp R. 


All contributions are to be used for the pub- 
lished purposes of the Fund and will be allo- 
cated at the diseretion of its board of directors, 
representing A.D.S.A.; Dairy Industries Sup- 
ply Assoc.; Dairy Industries Society, Intern. ; 
Intern. Assoc. of Ice Cream Mnfrs.; Milk 
Industry Foundation; National Assoc. of Re- 
tail Iee Cream Mnfrs.; National Dairy Coun- 
cil; Dairy Industry Committee; and American 
Dry Milk Institute. 


News from Ohio State 
A Dairy Fieldmen’s Meeting sponsored 
jointly by the Dept. of Dairy Technology and 
the Ohio Dairy Products Assoc. was held on 
Oct. 19. Highlights of the meeting included 
discussions of the Dairy Economic Outlook, 
Bulk Milk Handling, Trends in Milk Produe- 
tion, Soil Conservation, and the Importance of 

the Fieldman in the Dairy Industry. 


On Oct. 12, dairy technology students played 
host to their summer employers on the campus. 
They toured the campus with special emphasis 
on the dairy building, visited with the faculty, 
had lunch together, and attended the Iowa-Ohio 
State football game in the afternoon. 

Thirty undergraduate students attended the 
Dairy Industries Supply Exposition at Atlantic 
City the week of October 24. The trip was 
made by chartered bus. 


Notes from Michigan State College 


Continued efforts to modernize the dairy 
curricula at Michigan State College have re- 
sulted in a broadening of the graduate program. 
Formerly the M.S. and Ph.D. degrees were 
given only in dairy cattle nutrition and dairy 
manufactures. The addition of new staff mem- 
bers in the areas of dairy cattle breeding and 
dairy herd management has made it possible to 
award advanced degrees in these fields. New 
departmental courses at the graduate level and 
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recent broadening of the subject areas outside 
of the department supplement these new areas 
of graduate research. 


The 15th annual Michigan State College 
Dairy Manufactures Conference held on No- 
vember 3-5 was attended by more than 350 
representatives of the industry. A series of 
products clinies proved popular. 

As a special feature of the conference, T. H. 
Broveuton, a Michigan Agricultural College 
graduate of 1915 and first head of the state’s 
Bureau of Dairy Industry, was presented with 
the 2nd annual Dairy Manufacturers Award. 


The Dept. of Agricultural Engineering in 
cooperation with the Dept. of Dairy Husbandry 
will hold its third annual Dairy Engineering 
Conference March 8 and 9. Current engineer- 
ing problems of the dairy industry will be dis- 
cussed by a group of nationally known experts. 


The School of Agriculture of M.S.C. will 
hold a series of ten scholarly symposiums dur- 
ing its centennial year, 1955. The first of these 
is to be on “The Nutrition of Plants, Animals, 
and Man” and will be held Feb. 14-16. 

The program is designed to interest people 
who are professionally concerned with the broad 
field of nutrition. The speakers will review 
current experiments and assess present knowl- 
edge concerning the influence of soil fertility 
on the nutritive value of animal and human 
food. Speakers of national and international 
reputation will participate in the symposiums. 
The meetings will be held at the Kellogg Center 
on the campus. 


Wiley New Editor of Jersey 
Journal Magazine 

T. E. Witey has accepted the position of 
editor of the Jersey Journal, official breed pub- 
lication of the American Jersey Cattle Club in 
Columbus, Ohio. He previously had been assis- 
tant professor at Cornell Univ., where he de- 
voted his time to 4-H Club work with dairy 
cattle and other classes of livestock. Wiley 
graduated from Ohio State Univ. in 1948 and 
later received a Master’s degree from the Univ. 
of Wisconsin. 


Frandsen Honored at Massachusetts 


Sixty-four alumni, faculty members, and 
dairy students saw Emeritus Professor J. H. 
FRANDSEN receive the first Honorary Member- 
ship Award at the Univ. of Massachusetts’ first 
Dairy Club Alumni Breakfast, which was held 
Noy. 6. Professor Frandsen was presented a 
certificate signifying his election to honorary 
membership and also a citation which described 
his many contributions to dairy education. He 
resides in Amherst and is active as a dairy 
editor and counselor. 

Professor Frandsen was the first editor of 
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the Journal of Dairy Science and served for 
several years as head of the Department of 
Dairy Husbandry at Amherst. He is an honor- 
ary member of A.D.S.A. 


Johnson Joins Idaho Staff 


K. R. Jonnson, who recently completed work 
for his Ph.D. degree at Purdue Univ., has been 
made associate professor at the Univ. of Idaho, 
where he will do teaching and research in the 
field of dairy cattle breeding. 


Promotions at National Dairy 
Research Laboratories 


The appointment of B. H. Wess as director 
of research and D. H. Borwor as director of 
commercial development has been announced 
by A. H. Jonnson, president of National Dairy 
Research Laboratories, Inc., research division 
of National Dairy Products Corp. 

Webb, who obtained his Ph.D. from Cornell 
in 1931, joined the staff of the Bur. of Dairy 
Industry, USDA, in 1926 and became senior 
dairy manufacturing specialist and later prin- 
cipal dairy technologist. He left the Bureau 
in 1951 to join the staff of National Dairy Re- 
search Labs. as scientifie advisor and in 1953 
was appointed assistant director of research. 

Bornor graduated from the Univ. of Michi- 
gan in 1940. He was a member »f the phar- 
macy staff of the Univ. of Mich an Hospital 
until 1942, when he enlisted in the U. S. Army, 
where he attained the rank of captain. In 1946 
he joined the technical department of Sheffield 
Farms Co. as supervisor of product develop- 
ment, and in 1949 he joined the staff of Na- 
tional Dairy Research Labs. as project leader 
in microbiological research. He was appointed 
assistant to the director of research in 1950 
and in 1951 was placed in charge of the new 
product development section of the Labora- 
tories. 


Bandler Wins Milk Industry 
Foundation Award 


D. K. Banxvier (son of N. W. Banvier, 
president of the Blue Moon Cheese Co.), a 
senior in the Dept. of Dairy Industry at Cor- 
nel) Univ., was awarded the 1954 Milk Industry 
Foundation Collegiate Leadership Award for 
the northeast region. The award consisted of 
a trip to the annual meeting of the Milk Indus- 
try Foundation and the Dairy Industry expo- 
sition in Atlantic City with all expenses paid, 
a gift of $100, and a copy of the Manual for 
Milk Plant Operations published by the Foun- 
dation. 

Since his freshman year Mr. Bandler has 
been active in the Cornell Dairy Science Assoc. 
After serving as chairman on over a dozen 
committees and receiving the Cornell Dairy 
Science Club Award for being the most active 
junior in the club, he was elected president of 
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this organization. Since his freshman year he 
has been an aetive member on the board of the 
Cornell Countryman, the student publication of 
the N. Y. State College of Agriculture. During 
the school year 1952-53 he was advertising 
manager for the Countryman; 1953-54 he was 
the vice-president of the Boy Scout Service 
Fraternity, and this year he was a committee 
member for the Cornell United Religious Work- 
ers. 


News from N. C. State College 


W. E. Tuomas, who has been on temporary 
appointment, has been made an assistant pro- 
fessor in dairy husbandry. R. B. Casapy has 
completed a year of study at Johns Hopkins 
Univ. on physiological climatology and has re- 
turned to N. C. State College to resume his 
duties. J. E. LEGATES was advanced to the rank 
of professor, and W. R. Muruey to that of 
associate professor. 


C. W. WaLKER, a senior in dairy husbandry 
at N. C., is the first winner of the Borden Agri- 
eultural Scholarship Award of $300. The award 
is given to the senior who has taken a minimum 
of two dairy courses and has attained the high- 
est scholastic rating among the eligible students. 


A $300 scholarship sponsored by the N. C. 
Dairy Products Assoc. has been granted to 
W. Y. Coss, a sophomore in dairy manufac- 
turing. 


Louisiana State University Has 
New Dairy Buildings 


A dairy calf barn for nutritional research 
has been constructed at L.S.U. This building 
has space for 48 calf pens, storage room for 
feed, an apartment for students, a biochemistry 
laboratory, and provisions for radioactive 
tracer studies. A feature of this barn is an 
aluminum roof, a gift of Kaiser Aluminum 
Co., which it is believed will provide the great- 
est protection from the summer sun. 

Funds have been appropriated by the state 
legislature for a new dairy products manufac- 
turing building which will include a products 
plant, a research laboratory, and facilities for 
teaching. All dairy products, including market 
milk, ice cream, butter, cheese, condensed milk, 
dried milk, and by-products, will be processed, 

Milk production in Louisiane continues to 
climb, according to a report by B. B. Jonus, 
agricultural manager of the Chamber of Com- 
merece of the New Orleans area, This increase 
is due to a rise in the number of cows and to 
increased production per cow. Jones said re- 
ports show that in 1952 there were 306,000 
milk cows on Louisiana farms; in 1953 there 
were 324,000; in 1954, 330,000, Better feeding 
and breeding have been responsible for the in- 
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crease in production per cow. 
milk in Louisiana has been 
during the spring months. 


So far, surplus 
a problem only 


Personnel Changes Reported from Purdue 

K. M. Isaacs, who recently received his M.S. 
degree, is now employed by the Hales and 
Hunter Research Laboratories, Chicago. After 
completing work for the M.S. degree, D. W. 
MATHER accepted a_ position with National 
Dairies, New York City. R. L. Wixstow has 
joined the W. K. Moseley Laboratory Staff in 
Indianapolis, and T, J. UrBaN has accepted a 
nosition with Creighton Univ., Omaha, Neb. 
Both of these men recently completed work for 
the doctorate. 


University of Houston Adds 
Agriculture Department 

Through the efforts of the Houston Farm 
and Ranch Club the Univ. of Houston recently 
dedicated the first of what it hopes will be a 
series of demonstration farms. This 160-acre 
tract is to be used for teaching at both the 
undergraduate and graduate level and for con- 
ducting research and demonstrations on prob- 
lems related to farming and ranching in that 
area. 


Meetings at University of Maine 


A meeting for state institution farm mana- 
gers was held Oct. 6. The morning session was 
devoted to inspecting herd and pasture man- 
agement on the college farm. The afternoon 
program scheduled discussions on herd man- 
agement and roughage programs. 


The Maine Extension Service and the Maine 
Breeding Coop. sponsored a technician’s course 
for artificial insemination training which was 
held at the University October 11 to 13. Mem- 
bers of the Departments ef Animal Industry 
and Animal Pathology contributed to the pro- 
gram. 


The Doctors Keeney 

It is believed that Mark, Davin G., and 
Puituie G. Krenty will be the only three 
brothers to obtain Ph.D. degrees in dairy manu- 
facturing. Mark and David were awarded the 
B.S. and Pu.D. degrees by Penn State Univ. 
and the M.S. by Ohio State. Mark is now 
associate professor of dairy manufacturing at 
the Univ. of Maryland. David is chief chemist 
for Hawley and Hoops, Inc., Newark, N. d. 
Phillip obtained his B.S. in dairy manutactur- 
ing at the Univ. of Nebraska and his M.S, at 
Ohio State. He is now a member of the Dept. 
of Dairy Science at Penn State and will be 
granted the Ph.D, degree by that institution 
next February. 

It is only natural that the Keeneys should 
manifest an interest in dairying, Their father 
distinguished himself in this tield (1) by being 
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an honor graduate in dairy husbandry at Penn 
State in 1915—winning the American Jersey 
Cattle Club Fellowship for superior achieve- 
ments in cattle judging at the students’ contest 
held in conjunction with the National Dairy 
Show, (2) through his dairy extension activities 
in Pennsylvania, Missouri, and New Jersey, 
(3) by developing one of the country’s greatest 
Holstein herds at the Overbrook Hospital Dairy 
Farm, Cedar Grove, N. J., beginning in 1923, 
and (4) by being the author of Cow Philosophy, 
a book which has been popular among breeders 
of purebred cattle for many years. 


Shaw Heads Washington State 
Group in Pakistan 


A. O. SHaw, chairman of the Dept. of Dairy 
Science, State College of Washington, has been 
appointed to head a staff of approximately 20, 
representing the College in various subject 
matter fields, in an intereollege exchange pro- 
gram between the College and the Univ. of 
Punjab, Pakistan. This program is under the 
sponsorship of the U. 8S. Department of Agri- 
culture. 

In addition to serving as chief advisor of the 
staff group, Shaw is assigned to the Punjab 
College of Animal Husbandry and Veterinary 
Science located at Lahore, Pakistan, and will 
represent the subject matter field of dairy hus- 
bandry. He arrived in Pakistan in mid-Sep- 
tember and will remain for a period of 2 years. 
Mrs. Shaw and their two daughters joined him 
several weeks later. During the absenee of Dr. 
Shaw, H. A. Benpixen will serve as acting 
chairman of the Department. 

J. C. Kyorr, direetor of the Institute of 
Agricultural Sciences at the State College of 
Washington, has resigned. As soon as his sue- 
cessor is appointed, Dr. Knott will return to 
the Dept. of Dairy Science, of which he was 
a member from 1919 to 1941. He served as 
direetor of the Agricultural Extension Service 
from 1941-46, and since 1946 as director of the 
Institute of Agricultural Sciences. 

Lr. Cou. JAMES GREENWAY, Reserve Officer, 
who made national headlines early in October 
as the Army Colonel who was drawn through 
the escape hatch of an airliner flying at a high 
altitude over Indiana and held by his knees 
dangling at the end of a safety belt, is manager 
of the Carnation Plant in Seattle. In future air 
travel it is reported thet Col. Greenway will 
select a seat at a considerable distance from the 
eseape hatch, 


What Is Your Philosophy of 
Good Teaching? 
A professor in the College of Agriculture of 
the Univ. of Illinois recently expressed his 
viewpoint on teaching as follows: 
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“My philosophy of teaching stems from the 
fact that I like and believe in people. I par- 
ticularly enjoy seeing young people acquire 
knowledge which will enable them to do better 
in an occupation, or, equally so if not more 
important, to live more enjoyable and more 
useful lives in a society. 

“T believe if we are good teachers, we are 
not only dispensers of knowledge but builders 
of sound character. I believe that we should 
encourage young men and women to think; 
to emphasize the value of exactness; and to 
point out that honesty and integrity are as 
important as the acquisition of knowledge.” 

If you have ideas on this subject and would 
like to express them to your associates via this 
column, send them to the editor. 


Dairy Export Advisory Committee 
Recommendations 


Recommendations aimed at attacking both 
the short and long-range problems of the 
United States dairy industry were embodied in 
a report of a newly created industry-wide Dairy 
Export Advisory Committee issued by the U. 8. 
Department of Agriculture. The committee 
held its first meeting in Washington Sept. 15 
and 16. The recommendations comprise the 
following points: 


1. The first responsibility of the United 
States dairy industry is to produce a 
sufficient amount of dairy products to 
meet optimum nutritional standards for 
our people, and every possible effort 
should be exerted to bring about the maxi- 
mum domestic usage of such production. 


bo 


Any excess over and above domestic re- 
quirements should be made available for 
export to areas which do not have suffi- 
cient supplies of dairy foods. To foster 
such export trade, the United States gov- 
ernment should use all of its facilities to 
increase the purchasing power of import- 
ing countries by stimulating the creation 
of markets for the products of such im- 
porting countries. 


3. We favor the extension of technical assis- 
tance by publie agencies and private en- 
terprise of the United States in the devel- 
opment of dairying and dairy processing 
in all friendly nations, in return for 
whieh such local production should be 
supplemented with dairy imports from 
the United Siates as a means toward 
speedily providing these countries with 
a satisfactory dairy ration. 

4. The lack of understanding of the proper 

place of milk in the diet has been of long 

standing in milk deficit areas. To over- 
come these conditions, an educational 
program is essential and must go hand 
in hand with any export development 
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project. We urge the President of the 
United States to use his good offices to 
obtain the cooperation of other tradi- 
tional dairy products exporting nations 
in the development of joint efforts thet 
might lead to the creation of new markets 
and the absorption of the total world 
milk production. 


We do not believe that a system of nego- 
tiated prices for the disposition in export 
markets of surplus United States dairy 
products would unduly disrupt world 
prices of dairy commodities. We recom- 
mend that the President of the United 
States explore the possibility of obtain- 
ing the cooperation of other dairy prod- 
ucts exporting nations in order to estab- 
lish a fair and equitabie level of world 
prices for dairy products. 


or 


6. We do not favor any program which 
would give away the American surplus of 
dairy products except as is provided in 
Titles II and III of Publie Law 480 and 
in the Agricultural Act of 1954, Title IT, 
See. 204 (c). We do favor the use of our 
surplus dairy products as an instrument 
for the development of a long range dairy 
export program. 


We favor the adoption of quality control 
standards for and the appropriate quality 
marking of all surplus dairy products ex- 
ported from the United States. 


8. We recommend the discontinuance by the 
U. S. Department of Agriculture of the 
practice of publishing the prices at which 
surplus dairy products, held by the Com- 
modity Credit Corporation, are offered 
for sale for export from the United 
States. 


The Committee, designed to cover all phases 
of the jairy industry concerned with export and 
surplus problems, is composed of 12 members, 
of which Irvina C. Reynoups, Franklin Ice 
Cream Co., Toledo, Ohio, is chairman. 


Surpius Back Numbers of the Journal 
at Bargain Prices 


Shortly after the first of the year back num- 
bers of the Journal of Dairy Science will be 
moved to Champaign, Ill. Some of the issues 
prior to Volume 36 are in surplus and will not 
be moved. These will be available for a short 
time at the cost of mailing. 

If interested in securing any of these num- 
bers, send 25 cents for each issue desired to Dr. 
T. D. Harman, Department of Dairy Tech- 
nology, The Ohio State University, Columbus. 
If the issues you desire are in surplus they will 
be mailed to you; if not, your money will be 
refunded, 

It is important to act promptly to take ad- 
vantage of these bargain prices. 
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Have You Paid Your Dues? 


The plan of sending out notices early this 
year has been well received by the members 
and subscribers. If you are one of the few who 
have not yet responded, please do so promptly. 
All memberships and subscriptions that have 
not been renewed by January are automatically 
removed from the mailing list. Renewals made 
after that time mean an additional cost to 
your Association. Send your renewals to Act- 
ing Secretary T. D. Harman, The Ohio State 
University, Columbus. 


Completed Theses 


M.S. Degree: 

Ernest Bryant—The use of ethyl hydrocaffe- 
ate as an antioxidant in stored frozen cream. 
Louisiana State Univ. 

Harvey Hesrer—Aureomyein (chlortetracye- 
line) studies on absorption, distribution, and 
excretion in the calf. Louisiana State Univ. 

E. W. CuLvanovseE—The growth of dairy calves 
managed under different conditions. N. C. 
State College. 

R. G. Cracgie—Studies relating to processing 
and storage of bull semen at —79° C. N. C. 
State College. 

M. W. Carter—Nutritional factors in soybean 
forage influencing reproductive performance 
of animals. N. C. State College. 

R. H. Harrmaxn—Effect of various dietary 
levels of manganese upon the growth and 
the mineral components in tissues of lambs 
fed a fortified milk diet containing different 
levels of magnesium. N. C. State College. 

B. R. Farruinc—The genetic covariation be- 
tween milk production and fat percentage in 
dairy cattle. N. C. State College. 

R. C. Benepictr—The use of surface-active 
agents for the preparation of butteroil for 
analysis. Cornell Univ. 

K. M. Isaacs—Indueed laetations in dairy eat- 
tle with stilbesterol and progesterone. Pur- 
due Univ. 

D. W. Marner—Methods for improving the 
dispersibility of powdered whole milk. Pur- 
due Univ. 

C. A. Cramer—A study of the cooling effi- 
ciency of farm bulk milk tanks. Univ. of 
Wisconsin. 

A. B. Karas—tThe use of antioxidants in pre- 
venting the solar-activated flavor in homoge- 
nized milk. Univ. of Massachusetts. 

P. S. Smrrn—The keeping quality of creamed 
cottage cheese in a vacuum package. Univ. 
of Massachusetts. 


Ph.D. Degree: 

Lester HANKIN—-Growth stimulation of Lacto- 
bacillus casei by factors from animal tissues. 
N. C. State College. 

Ceci, Contey—Study of requirements of iron 
and copper for dairy calves on a milk diet. 
State College. 
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H. E. Kennepy—Studies with Lactobacillus 
casei on a bacterial growth stimulant in corn 
steep. N. C. State College. 

D. E. Kizer—The involvement of certain car- 
bon and nitrogen metabolites in the nutrition 
ot Streptococcus lactis and Streptococcus 
cremoris. N. C. State College. 

R. L. Wixstow—Studies on the flavor of 
Cheddar cheese with particular reference to 
the fat fraction. Purdue Univ. 

T. J. Urspan—The effect of manganese on the 
histology and organ weights. Purdue Univ. 

J. A. of ultrasonic waves on 
the bacterial flora of milk. Univ. of Wis- 
consin. 

A. H. Minier—Bulk assembling of Wisconsin 
milk, farm to plant. Univ. of Wisconsin. 


Positivism or Negativism? 
A Guest Editorial 


Progress in our country has been spectacular 
as the result of the pioneer spirit that has pre- 
vailed in the minds and hearts of people. This 
spirit manifests itself by a positive attitude 
—by being for, rather 
than against—by taking 
action in favor of some- 
thing good rather than 
by mainly opposing that 
which is apparently bad. 
This pioneer spirit 
stems from an ideology 
or philosophy which we 
may call positivism. 

In recent years, the 
philosophy which fre- 
quently is evident at all 
levels of our political 
and industrial life is the 
direct antithesis of the 
positive attitude—and 
which, by contrast, we 
may call negativism. Whereas positivism is 
positive good and is based on faith and courage, 
negativism is against; it is based on uneer- 
tainty and fear. Negativism destroys or at- 
tempts to destroy something—and may or may 
not offer something good as a substitute. 

In industry publie relations, positivism is 
realism in action. This attitude results in a 
direct, aggressive, positive program. It makes 
possible a vigorous promotion of that in which 
the industry or individual believes and with no 
public acknowledgment or recognition of that 
which is in direct opposition. Negativism re- 
sults when promotion is attempted by destrue- 
tive criticism of the opposition. Positivism will 
gain public support and industry cooperation 
——negativism creates consumer antagonism and 
industry disharmony. 

Negativism has permeated into many indus- 
tries, and the dairy industry has had its share. 
The butter substitute controversy is an example. 
Certainly, the dairy industry abounds with ea- 
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pable leaders who will insure that the industry 
at large does not again err in making major 
decisions which will reflect unfavorably in the 
minds of the consumer. 

Our industry is in an era of great and rapid 
changes. Practices are common today which 
were not given favorable consideration even a 
year or two ago. Research is on the march, 
and appreciation of the real value of research 
is probably greater today than ever before. 
Such appreciation augurs greater industry 
changes in the immediate future than have been 
witnessed in a like period in the past. This 
being the case, an attitude of positivism and 
not negativism on the part of industry leaders 
is essential if these changes are faced realistie- 
ally and if the problems created by these 
changes are examined in a statesman-like man- 
ner. 

Dr. Norman Vincent Peale has said, “What 
you put in your mind will come out. If posi- 
tive thoughts are put in, positive thinking will 
come out. If negative thoughts are put in, nega- 
tive thoughts will come out.” If we are to ap- 
proach in a positive manner the problems which 
we now have in our industry, and those which 
are to come, we must put positive thoughts 
into it. 

Where are some areas in which positive think- 
ing is now needed? It is needed in regard to 
the laws, regulations, and ordinances of states, 
counties, and municipalities so that free flow 
of milk will be encouraged and so that the con- 
sumer will have dairy products available at the 
lowest possible price. Positive thinking is nec- 
essary in contemplating the use of fats other 
than milk fat in the manufacture of dairy prod- 
ucts. Plato is credited with saying, “When an 
industry resorts to legislature, it is in the last 
stages of decay.” The industry cannot hide 
behind legislative acts when new or modified 


products are involved for which the consumer 
has demonstrated a real desire. Positive action 
by industry should not necessarily result in 
direct promotion of new products, but certainly 
it would demand a realistic evaluation of the 
probiems involved, the setting forth clearly of 
standards of differentiation, and the develop- 
ment of a suitable public relations program. 

Positive thinking is needed for national sales 
programs, merchandising, and surplus disposal. 
The average consumer will admit no allegiance 
to the dairy industry and cannot be expected 
to inerease his purchases of dairy products out 
of “loyalty.” Neither will he be impressed by 
the fact that government holdings of such prod- 
ucts as wheat and cotton are greater than those 
of dairy products. Positivism in selling is to 
create in the consumer’s mind a desire for milk 
and milk products. 

Positive thinking is needed in our educational 
and research work—to make certain the course 
program, our teaching methods, our extension 
activities, and our research productivity are 
all they should be. Positive thinking is neces- 
sary in regard to full cooperation between all 
national dairy groups, which should have as 
their primary objective “a better dairy indus- 
try.” Some of the major dairy organizations 
may well look to their activities, to their per- 
sonnel, to the effectiveness of their programs. 
They must make certain that there is no self 
glorification or smugness—and that they have 
not lost “the common touch.” 

Yes—there are many opportunities for the 
dairy industry to display positivism. However, 
true statesmanship is required to adopt and 
practice this philosophy and to realize these 
opportunities. The answer lies within ourselves. 

I, A. Gounp, Chairman 
Dept. of Dairy Technology 
The Ohio State University 


LETTERS TO THE EDITOR 


Members of the Association: 


It is a pleasure to announce that H. F. Jup- 
KINS has been appointed secretary-treasurer of 
the American Dairy Science Association with 
the approval of the Executive Board. Mr. 
Judkins will retire from the National Dairy 
Products Co. in March and will assume his 
duties with our association immediately follow- 
ing our next annual meeting. He was presi- 
dent of A.D.S.A. in 1943 and, therefore, al- 
ready has considerable knowledge of the affairs 
of the association. Before going into commer- 
cial work he was associated with the college 
and university field of endeavor and has re- 
mained an active member of A.D.S.A. through 


the years. We are fortunate in obtaining the 
services of one who has had such a distinguished 
career in the dairy industry. 

A special committee of the Executive Board, 
consisting of Moore, Price, and Gould, explored 
several possible arrangements for a permanent 
solution to take care of the business affairs of 
our association, including the duties of the 
secretary-treasurer. It was thought that a full- 
time business arrangement, probably in asso- 
ciation with an organization similar to our own, 
should be developed in the future. 

L. A. Moore 
President 
American Dairy Science Association 
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Briel, Reviews of Current “Topics | 


Laboratory Training Program of the Robert A. Taft 
Sanitary Engineering Center in Milk and Food Sanitation 


Ropert P. MYErs 
Advanced Sanitation Training Section, U. S. Public Health Service, Cincinnati, Ohio 


Technical training courses in environmental 
sanitation and radiological health, designed pri- 
marily for professional personnel from state 
and local health departments, but including 
representatives from industry with similar re- 
sponsibilities, have been conducted by the Pub- 
lie Health Service in Cincinnati for several 
vears. Duration of the courses varies from a 
few days to 2 weeks with corresponding varia- 
tion in the breadth of the subject matter cov- 
ered. Time is allotted to lectures, demonstra- 
tions, group discussions, and laboratory prac- 
tice, with emphasis on the “learn by doing” 
method in the laboratory (5). 

As a result of the surveys of milk labora- 
tories in the War Areas of the U. S. made by 
Dr. L. A. BLack starting in 1941 (2), it became 
apparent that special training was needed if 
uniform laboratory results were to be obtained 
in the numerous laboratories concerned with 
control of the sanitary quality of milk. A few 
states had already established training pro- 
grams for their laboratory personnel, and others 
started programs to standardize procedures in 
milk control laboratories. 

After World War II a number of state health 
department laboratory directors expressed their 
interest in training courses for their laboratory 
personnel. Accordingly, the Milk and Food 
Laboratory of the Public Health Service in 
Cincinnati conducted a 2-week training course 
for bacteriologists in charge of milk analyses 
or food utensil examinations. Representatives 
from 14 states attended this course. The course 
was repeated each year until 1952, at which 
time a 1-week course in bacteriological examina- 
tion of milk and dairy products and a 1-week 
course in food sanitation were conducted con- 
secutively. These two courses were preceded 


TABLE 1 


Attendance at laboratory training courses in milk and 
other foods held in Cincinnati 


1948 1949 1950 1951 1952 1953 1954 Total 


No. of 
trainees 14 16 10 & 29 30 30 137 
No. of 
states rep- 
resented 14 14 B 6 14 14 13 33 


by a course in the bacteriological examination 
ot water. 

In Table 1 a brief summary of the number of 
trainees who have attended the milk and food 
courses in Cincinnati is presented. In addition 
to the 33 states represented, the total of 137 
trainees includes representatives from within 
the Public Health Service, from U. S. Military 
Services, from Puerto Rico, and from three 
foreign countries. 


Food Sanitation Courses 


In the food sanitation courses conducted by 
the Sanitary Engineering Center in Cincinnati 
the need is emphasized for more laboratory 
examination of foods as they are served in 
public eating establishments. Laboratory meth- 
ods for investigating food-borne disease out- 
breaks are studied in these courses. From 
knowledge obtained in investigations of the 
causes ot food poisoning outbreaks, it is possi- 
ble to establish corrective sanitary measures to 
prevent the recurrence of such incidents. Peri- 
odic laboratory examinations of foods serve as 
one means of determining compliance with the 
sanitation program set-up. ‘This preventive 
sanitary control, in which periodic laboratory 
examinations constitute one of the important 
elements of sanitation control, has been sue- 
cessfully applied in the handling of milk. 
Therefore, it is reasoned that better bacterio- 
logical control of the sanitary quality of other 
foods, the training of food service personnel, 
and the control of eating and drinking utensil 
sanitation constitute an improved approach in 
solving the problem of food poisoning and 
food-borne disease. The objective of the food 
sanitation courses is to train laboratory per- 
sonnel in the techniques which can be most 
helpful in sanitary food control programs. 

Although the problem of food sanitation is 
more complicated than that of milk sanitation, 
and more research is badly needed, many of 
the principles of sanitary control of milk qual- 
ity that have proven effective might well be 
applied in improving the sanitary quality of 
other foods. In the research laboratories of the 
Sanitary Engineering Center, bacteriological, 
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chemical and biological methods of testing foods 
are being studied. As the findings of these and 
other research laboratories engaged in food 
sanitation research become available, the results 
are passed on to the participants in food sanita- 
tion training courses at the Center. Laboratory 
practice in the new chemical, biological, and 
bacteriological techniques is supplemented with 
lectures and group discussions. 


Milk Laboratory Training Courses 


The program of training in the bacteriologi- 
eal examination of milk and dairy products 
includes laboratory practice in the procedures 
employed by state, municipal, local, and indus- 
trial laboratories engaged in controlling the 
sanitary quality of milk. Such procedures as 
sampling, agar plate counts, direct microscopic 
counts, coliform counts, examination of equip- 
ment and containers, and the detection of spe- 
cial groups of bacteria, such as thermoduries 
and psychrophiles, are covered in the course. 
Phosphatase tests on pasteurized milk and dairy 
products are included in this course since the 
personnel responsible for performing the baec- 
teriological examination are frequently called 
on to make phosphatase tests. 

Selection of procedures outlined in Standard 
Methods, their application in controlling the 
sanitary quality of milk, the theory underlying 
these tests, and the interpretation of results 
receive emphasis. Approximately half of the 
time is allotted to lectures and informal dis- 
cussions on these phases and the other half 
devoted to laboratory practice. 

Comparative counts on split samples have 
proven helpful in demonstrating the need for 
adhering to standardized procedures, if there is 
to be agreement between individuals and be- 
tween laboratories. Deviations from Standard 
Methods occur: (a) because workers simply 
fail to read carefully the prescribed method; 
(b) because individuals interpret directions dif- 
ferently; (c) because workers feel they have a 
procedure that is better than the prescribed 
method; or (d) because a method is difficult 
to apply and in need of further development. 
These training courses encourage workers to 
discuss mutual problems concerned with ana- 
lytical procedures and interpretation of results. 
Frequently defective techniques and deviations 
of which the analyst was previously unaware 
eome to light. Assurance that all analysts are 
following the same procedures establishes con- 
fidence between workers and between labora- 
tories and is vital to the success of the National 
Interstate Milk Shipment Program. 


National Program for the Certification 
of Interstate Milk Shippers 


At the First National Conference on Inter- 
state Milk Shipments in 1950 (3) the role of 
the Public Health Service was outlined as fol- 
lows: “The state regulatory authorities should 


earry the work load involved in the interstate 
milk program, with the assistance of the U. 8S. 
Publie Health Service. The latter shall be pre- 
pared to extend to state regulatory authorities 
and educational institutions such assistance in 
the training of field representatives of the state 
and local governmental units or of industry, 
field, and plant personnel, and state survey 
officers as the respective state may require in 
operating the interstate milk shipment plan. 
The Publie Health Service should also train or 
assist in training laboratory personnel of state, 
local, or industrial laboratories as requested by 
state authorities.” 

The responsibility for the training of labora- 
tory personnel was assigned to the Sanitary 
Engineering Center, and the Training Section, 
within the limitations of its budget, has ren- 
dered assistance to the states requesting it, in 
planning and conducting training courses for 
milk laboratory technicians. In the fall of 
1950, the Missouri Division of Health held a 
workshop for milk analysts in Columbia, Mo. 
(1). This was the first of a series of coopera- 
tive courses held by state agencies in compli- 
ance with the recommendation of the National 
Conference for Interstate Milk Shipments and 
was a cooperative undertaking between ihe 
University of Missouri, Missouri Division of 
Health, and the Public Health Service. 

Both receiving states and shipping states 
have conducted similar cooperative short courses 
during the past 4 years. These states are: 
Colorado, Florida, Georgia, Minnesota, Mississ- 
ippi, Missouri, South Dakota, and Wisconsin. 

In Table 2 a summary of the Milk Labora- 
tory Workshops that have been conducted in 
the states listed above is presented. Approxi- 
mately half of the participants in these courses 
are from industry or private commercial lab- 
oratories. 

TABLE 2 

Milk laboratory workshops conducted by states in 

cooperation with the Public Health Service 


First half 
1950 1951 1952 1953 1954 = Total 


No. of state 

courses 1 4 2 4 3 14 
No. of 

trainees 11 63 46 112 56 288 


The courses conducted by different states 
have varied in duration and course content but, 
for the most part, have been 5-day courses with 
something over half the time being devoted to 
laboratory practice, with demonstrations, lec- 
tures, and group discussions completing the 
schedule. Agar plate count, direct microscopic 
count, coliform count, phosphatase methods, 
and tests for sanitization of equipment have 
been included in all courses, with the major 
emphasis being devoted to improving the per- 
formance of the agar plate method. In some of 
the courses the dye reduction tests, techniques 
for detecting and enumerating thermodurie and 
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psychrophilic bacteria, and methods for the de- 
tection of inhibitory substances in milk have 
been included. Considerable emphasis is placed 
on comparative tests on split samples as a 
means of evaluating performance. Items of 
technique are discussed in light of experience 
as to the influence of certain deviations from 
Standard Methods on the final results. Repre- 
sentatives of regulatory agencies and milk 
industry laboratories work together toward the 
basie objective of milk quality control, which 
is to provide wholesome, safe milk and dairy 
products for sale to the consumer. 


Uniform State Laboratory 
Control Program 


In order to insure uniform laboratory control 
each state, according to the Interstate Milk 
Shipment Program, is responsible for checking 
the laboratories within its boundaries which 
are designated to examine milk for interstate 
shipment. The state ageney responsible for 
approving these laboratories certifies, after ap- 
propriate surveys and comparative tests on 
split samples, that the approved laboratories 
comply with the provisions of the A.P.H.A. 
Standard Methods for the Examination of Milk 
and Dairy Products. This constitutes what is 
usually referred to as “State Certification of 
Milk Laboratories.” 

As part of the Progra’: for Certification of 
Milk Supplies. outlined in the National Confer- 
ence on Interstate Milk Shipments, certification 
of the laboratories examining milk in connec- 
tion with the supervision of interstate milk 
shippers is an important element. Only the 
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interstate shippers having a satisfactory com- 
pliance rating and whose supplies are examined 
by a laboratory approved by the state meet the 
requirements for listing by the Public Health 
Service (4). The training program ‘= an effee- 
tive means of preparing the laboratory per- 
sonnel for meeting the requirements for certi- 
fication just as training state rating officials 
has been an aid in securing uniformity in sani- 
tation compliance ratings. 

The objective, then, of these workshops for 
milk laboratory technicians is to stress compli- 
ance with Standard Methods for the Examina- 
tion of Milk and Dairy Products. Performance 
of the individual workers is measured by the 
results obtained on split samples which are sub- 
mitted to the control laboratories twice a year. 
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The Bulk Milk Handling and Pipe Line Milking 
on the Farm 
Adoption of System Will Lead to Greater Efficiency 


H..E. 
Department Dairy and Food Industries, University of Wisconsin 


A number of years ago when the large dairy 
operations on the west coast turned to bulk 
milk handling and pipe line milking, it was not 
surprising. This was a natural development in 
the methods used there for the mass produc- 
tion and handling of large volumes of milk. 
However, the acceptance of bulk milk handling 
and pipe line milking by the average dairyman 
in other parts of the country, particularly the 
Midwest, has been most unexpected. Wisconsin 
may serve as a good example of an area where 
this change is taking place in the dairy indus- 
try. This innovation has been referred to by 
many milk producers as the greatest develop- 
ment since the milking machine. 

In the early part of 1951 there was only one 
bulk milk pick-up route in the entire state of 


Wisconsin. This had approximately a dozen 
patrons and was being operated on a semi- 
experimental basis. The milk producers were 
typical dairymen for this area, the smallest 
having a herd of approximately 15 cows; the 
largest about 50 cows. None of these pro- 
ducers were using pipe line milking. With the 
exception of the experimental work being con- 
ducted by the University there were very few 
pipe line milking installations in the state. The 
few that were in use were primarily for “show” 
purposes and not in use on the typical dairy 
farm. 

In the brief span of 3 years, the system of 
bulk milk handling and pipe line milking has 
received widespread acceptance by Wisconsin 
dairy farmers. At the present time there are 
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approximately 30 bulk milk pick-up routes 
within the state, serving over 1,000 patrons. It 
must be admitted taat this represents a very 
small percentage of the dairy farms within the 
state, but it does show a definite trend by the 
milk producers toward a general adoption of 
this new method of handling milk. This same 
trend can be observed in dairying areas in 
other states. The change to bulk handling and 
pipe line milking has been even more rapid in 
sections that are just entering a period of in- 
tensive dairy farming. 


Why Have Dairymen Adopted 
Bulk Milk Handling? 


Various reasons have been given to account 
for the rapid conversion from the conventional 
to the bulk method of milk handling. On most 
dairy farms mechanization has been the by- 
word in all farming operations with the excep- 
tion of milking. Although the milking machine 
has helped to reduce the physical labor needed, 
this chore still requires the close attention of 
the persons doing the milking. The milk must 
be carried away from the cow to the milk house. 
The milk cans must be lifted, cleaned, and 
moved by manual labor. Milking utensils must 
be cleaned and sanitized. 

(a) An answer to the labor problem. Farm 
labor has been at a premium on most Midwest 
dairy farms during recent years. Research 
studies, as well as practical experience on many 
dairy farms, have shown that pipe line milking 
and bulk milk handling can reduce the amount 
of labor needed at milking time. This system 
has enabled some dairymen to increase their 
herd size, to mechanize the milking operation, 
and to do a more efficient job of dairying with- 
out inereasing labor costs. In fact, the labor on 
many large mechanized dairy farms now is sup- 
plied entirely by the dairyman’s own family. 

(b) A replacement for old equipment. In 
some areas of the East and Midwest the dairy 
farmers have been producing milk for the fluid 
markets for years. On many of these farms 
the operations have reached the point where 


Fie. 1. When the can system of handling milk 
is used, all milk must be carried from the milking 
barn to the milk house. 
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Fic. 2. With pipe line milking, the milk flows 
from the cow to the bulk milk cooling tank through 
sanitary lines. 


they have either outgrown or worn out existing 
facilities, and the dairymen are faced with the 
problem of replacement. This would mean the 
construction of new and larger buildings and 
the purchase of new equipment. It would re- 
quire considerable capital investment to obtain 
new barns, new milk houses, new mechanical 
coolers, and other new equipment, along with 
the added expense of more labor. As a result, 
these dairymen are turning to bulk milk han- 
dling and pipe line milking as the answer to 
their problems. For them it is the least ex- 


unloaded at the dairy plant. 


Fig. 3. Each can of milk must be lifted by hand 
from the milk house onto the milk truck and then 
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from the farm holding tank into the transport 
tank. 


pensive and the most efficient way of improving 
their milk handling facilities. 

(c) A way to a better market. The general 
unfavorable relationship currently existing be- 
tween the price of milk and the cost of produe- 
ing it has served as an incentive for many 
dairymen to search for better paying markets. 
Some have been able to sell on premium mar- 
kets by converting to bulk handling. This has 
aided them in producing a better-quality milk 
for markets that are willing to pay a premium 
for quality products. The increased income for 
milk produced and handled in this manner has 
been of substantial help in defraying costs of 
new equipment and facilities. Also, the result- 
ing reduction in hauling costs has contributed 
to the dairvman’s income. 

At this point it might be well to emphasize 
that bulk milk handling in itself is not respon- 
sible for improved quality of milk, as many 
have been led to believe. It is necessary to put 
high-quality milk into the bulk tank if one is 
to expect to remove high-quality milk from the 
tank. The more efficient cooling of the farm 
bulk milk tank serves only to protect the high- 
quality milk that goes into the tank. The sys- 
tem cannot make poor milk better. 


Bulk Handling Causes Important 
Changes in the Industry 


Many changes in the dairy industry have 
come about as the result of bulk milk handling 
and pipe line milking. 

(a) Changes in the milk plant. Smaller dairy 
plants are converting to complete bulk pick-up. 
This normally is accompanied by a marked re- 
duction in the number of patrons served by 
the plant. There is a tendency to keep fewer 
patrons and those with larger herds. This re- 
sults in little if any drop in the volume of milk 
handled by the plant. Often it is easier for 
smaller plants to change to all bulk pick-up 
than it is for the larger plants. 

When a plant is forced to operate both a 
conventional receiving room and bulk pick-up 
routes, the milk handling costs are high. When 
the plant changes to 100% bulk pick-up, it is 
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able to save on receiving room costs, transpor- 
tation costs, and in other ways. By passing 
some of these savings on to the milk producer 
in the form of lower hauling costs, premiums 
for high-quality milk and the like, it has en- 
abled some of the smaller plants to maintain a 
favorable competitive position in relation to the 
larger dairy operations in the area. 

Originally the earlier bulk milk pick-up 
routes were in areas that were serving mainly 
fluid milk markets. Now bulk routes are being 
operated by cheese factories, drying plants, and 
creameries. Bulk-handled milk is going iato 
manufactured dairy products as well as into 
fluid use. 


(b) Changes on the dairy farm. The adop- 
tion of bulk milk handling and pipe line milk- 
ing has caused important changes on the dairy 
farm. It has been the experience of many 
dairymen who have changed to this new system 
that they soon thereafter increased their pro- 
duction. They usually find that they can keep 
more cows without additional help. 

There is a tendency toward a more uniform 
production throughout the year. By utilizing 
the equipment at or near its capacity over the 
entire year, the unit cost of milk production 
and handling can be reduced, thus resulting in 
a more efficient operation. 

Going hand in hand with bulk milk handling 
and pipe line milking is the change to the use 
of loose housing for the dairy cattle and the 
use of milking parlors. Bulk handling works 
well with these types of operations. The result 
again is a more efficient job of milk production 
and handling. 


Problems of the New System 


Any new development -is normally enshrouded 
with problems. Bulk milk handling and pipe 
line milking have been no exceptions. 

(a) Minimum size of dairy herd. The first 
question that arises is how large must the dairy 
herd be to make this system economical? The 
answer is difficult to obtain. In a study made 
on the west coast it was found that for the 
10-cow herd it costs $103 more per year to 
handle milk by the conventional ean system 
than by the bulk system. As the herd size in- 
creased, the differences in e¢osts in favor of the 
bulk system also increased. 

The size of herd that represents the break- 
even point between bulk handling and can 
handling depends on more than just the number 
of cows in the herd. Each installation must be 


» decided on the basis of the present cost of opera- 


tion, the potential income in using the bulk 
handling, the future production and market 
possibilities, and many personal factors that 
only the dairyman himself can decide. It is 
known that many dairymen have changed to 
the bulk system more as a matter of convenience 
than of economy. 


Fig. 4. With bulk handling the milk is pumped 
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(b) The small producer. When a bulk milk 
pick-up route is established in a given area, 
there are always some milk producers who can- 
not change to this system because of the small 
size of their operations or their limited finances. 
The problem then arises as to what to do with 
their milk. As yet this problem has not become 
too serious, as there are usually outlets in the 
area for the can-handled milk. However, as 
bulk handling becomes more common, the prob- 
lem of the small producer will become more 
acute. Will his days be numbered in the dairy 
business? Can several small producers combine 
their milking operations to form a larger dairy 
unit? Can the small producer economically con- 
vert to some modified type of bulk handling? 
Only time can answer these questions. 

(c) Equipment costs. The conversion to bulk 
handling and pipe line milking requires a con- 
siderable investment on the part of the dairy- 
man. Although various methods have been used 
for financing the change, the basic problem of 
trying to reduce the actual cost of the equip- 
ment still remains. The smallest of the farm 
bulk milk holding tanks costs approximately 
$1,500. Pipe line milker installations vary in 
price from $30 to approximately $1°0 per cow. 
Few farmers can convert to the new system 
for much less than $2,500 to $3,000. If means 
could be found to reduce the cost of the equip- 
ment, the adoption of bulk milk handling would 
increase more rapidly. 

(d) Cleaning farm milk pipe lines. The clean- 
ing and sanitizing of farm bulk milk holding 
tanks presents no great problem. Practices now 
used on other types of dairy equipment can be 
readily applied here. The same cannot be said 
of pipe line milkers. To obtain full advantages 
of pipe line milking, the lines should be cleaned 
in place. As yet, no method for cleaning and 
sanitizing milk lines in place has been devised 
that will work in all installations at all times. 
Part of the fault lies in the installation of the 
milk lines. Many lines have been installed with- 
out proper consideration being given to ease of 
eleaning. The engineering and installation of 
farm milk pipe lines should be standardized in 
order to simplify cleaning procedures. 

Then too, the dairy farmer has created part 
of his own problems. Many farmers started 
out by cleaning their pipe lines in place, with 
excellent results, but as time passed they have 
tried to initiate “short cuts” or have become 


lax in following the proper procedures for in- 
place cleaning, with the result of a reduction 
in the quality of the milk. One solution to this 
problem would be the use of a device for auto- 
matie cleaning of farm pipe lines. Devices of 
this type are now in use in automatic dish- 
washers and automatie clothes washers. Such 
an installation would enable the dairyman to 
press a button and walk away feeling assured 
that the cleaning and sanitizing of his milk pipe 
line would be done in the proper sequence of 
the cleaning cycle and with solutions at the 
correct temperature. 


Future of the Bulk Milk System 


The question arises frequently as to what is 
the future of the bulk milk system. Is it here 
to stay, or is it just a passing fancy? Cer- 
tainly, it is here to stay. It is beeoming an 
integral part of dairying in the United States. 
Acceptance of this system will increase. Its 
growth may not be as spectacular as it has 
been in the last few years, but there should be 
a steady upward trend. No doubt better equip- 
ment and, it is hoped, less expensive equip- 
ment will be developed for the bulk system of 
handling milk and pipe line milking. Like any 
other type of dairy equipment, the bulk han- 
dling system must go through a period of evo- 
lution. Its development to date has been sat- 
isfactory, and improvement should continue in 
the future. 

The responsibility for the evaluation of milk 
quality is gradually shifting from the regu- 
latory authorities to the dairy plant receiving 
the milk. This places an obligation on the 
driver of the bulk milk pick-up truck that is 
not experienced by the average milk hauler 
and presents new opportunities to properly 
qualified persons. Recognition of this change 
in responsibility is evident in the 1953 issue 
of the United States Public Health Service 
Recommended Milk Ordinance and Code. 

Bulk milk handling will enable smaller dairy 
plants to offer effective competition in their 
areas. It will give them a new lease on life and 
a means of achieving more efficient operation. 
The mere fact that both milk for fluid uses and 
that for manufactured uses are now being han- 
dled by the bulk system gives rise to the thought 
that the bulk system may be one important 
factor that will contribute to the day when 
there is only one grade of milk—the top grade. 
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CALL FOR PAPERS FOR THE 1955 ANNUAL MEETING OF THE 
AMERICAN DAIRY SCIENCE ASSOCIATION 


The 50th annual meeting of the American Dairy Science Association will be 
held June 21, 22, and 23, 1955, at the Michigan State Agricultural College, East 
Lansing. 

Members who wish to present papers must furnish titles and abstracts not 
later then March 1. Two copies of each abstract must be mailed to the chair- 
man, another to the vice-chairman, and a fourth to the secretary of the section 
before which the paper will be given. Abstracts must not contain over 200 
words. Terminology should be understandable by the general reader. It is 
essential that titles and abstracts be received by March 1 so that the complete 
program may appear in the Journal of Dairy Science for May and so that the 
abstracts may be printed for distribution at the annual meeting. If time limita- 
tions make it necessary, some papers may have to be read by title only. No 
member should plan to present more than one paper. Reactions of those attend- 
ing previous meetings indicate that papers presented by members in industry 
and by senior members of the Association are especially well received. 

Members prefer to receive mimeographed copies of essential material which 
must be presented visually; such material includes tables of data, graphs, and 
brief summaries. Material for projection on screens should be used only if the 
preferred method is impossible. 

Names and addresses of officers of sections to whom titles and abstracts will 
be sent are: 

EXTENSION SECTION 


Chairman: E. T. IrscHNER, Department of Dairy Husbandry, University of 
Missouri, Columbia 

Vice-Chairman: GEORGE WERNER, Department of Dairy Husbandry, University 
of Wisconsin, Madison 

Secretary: JAMES BurKE, 1469 Slaterville Road, Ithaca, N. Y. 


MANUFACTURING SECTION 


Chairman: G. H. Hartman, 102 Revere Drive, White House Milk Co., Manito- 
woe, Wis. 

Vice-Chairman: W. M. Rozperts, Department of Animal Industry,. North Caro- 
lina State College, Raleigh 

Secretary: H. L. Temp.eton, 6125 Florence Blvd., Omaha, Neb. 


PropuctTION SECTION 


Chairman: R. E. Ers, Department of Dairy Science, State College of Wash- 
ington, Pullman 

Vice-Chairman: N. P. Ratston, Dairy Department, Michigan State College, 
East Lansing 

Secretary: G. W. Trimpercer, Department of Animal Husbandry, Cornell Uni- 
versity, Ithaca, N. Y. 
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* Abstract of paper presented at the annual 
meeting. 
* Prepared by W. O. NeLson, Univ. of Illinois. 
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fertility, 1050 

Beat, G., effects of vacuum level and milking 
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blood constituents, 857; carotene vs. vitamin A 
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BEARDEN, H. J., fertilization and embryonic mor- 
tality rates for bulls in ATI, 649* 
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Bett, R. W., use of sucrose in frozen condensed 
skimmilk, 648* 
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BENNETT, F. W., sanitizing teat cup inflations, 
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dairy products, 156 
Birp, E. W., buffer capacities of skimmilk, butter- 

milk, and butter serum, 641* 

Bisuov, 8S. J., sedimentation of milk proteins, 634* 
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Buiake, J. T., In vivo studies with surface-active 

agents, 737 
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Bopa, J. M., dietary caleium and phosphorus and 

milk fever, 360 
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Kansas, 676* 

Boyp, E. N., longevity of spermatozoa in pasteur- 

ized milk, 650* 

Brapt, C. G., brucellosis is being wiped out, 1141 
Branpt, P. M., guideposts for the dairy industry, 

352 
Branton, C., blood studies of breeding bulls, I, 

30; metabolic responses of spermatozoa to anti- 

bacterial agents, 228; factors affecting fertility 

of bulls, 653* 
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Bratton, R. W., fertilization and embryonie mor- 
tality rates for bulls in AI, 649*; fertility re- 
sults with frozen spermatozoa, 651*; relation- 
ship between fertility and number of spermato- 
zou inseminated, 1353; fertility of bulls ejacu- 
lated at different intervals, 1441; fertility of 
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BRATZLER, J. W., characteristics of sodium meta- 
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teria, 1176 

Bucek, W., chromatographie study of milks, 538 

Buckner, P. J., laboratory tests for evaluating 
semen fertility, 1050; fertility of spermatozoa 
stored at 5° and -79° C., 1429 

D. H., effect of G. candidum on develop- 
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tion of dieldrin in milk, 1461 

Casapby, R. B., errors in assaying fecal androgens, 


72 


Casipa, L. E., factors affecting age at puberty in 
heifers, 252; fertilization rates and embryonic 
death rates, 691 
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levels of blood constituents in, 185 

effect of potassium iodide on levels of protein 
bound iodine in, 660* 

effect of wind on, 674* 
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etiology and treatment of ketosis in, 661* 
fecal androgens in, 72 
fed dieldrin-sprayed forage, exeretion of diel- 
drin in milk of, 1461 
lactating, 
as affected by replacement of hay with corn 
silage, 657* 
effect of rate of hay feeding on body weight 
and production of, 1233 
histochemical studies of fat 
mammary glands of, 924 
on pasture, grazing behavior of, 665* 
menadione fed, bacteriological studies of milk 
from, 636* 
milking, 
effects of thyroprotein on, 877 
nutritive value of corn silage for, 957 
response to management following parturition 
of, 673* 
sulfur: nitrogen in feeds for, 813 
twin, identical, used to determine 
iodinated casein, 659* 
with ketosis, volatile fatty acids in rumen >f, 
664* 
with parturient paresis, 
effect of calcium borogluconate on blood and 
urinary excretion levels of calcium in, 661* 
leucocytes of, 967 
Cream, 
factors affecting action of benzoyl peroxide in 
bleaching of, 1241 
methods for estimation of free fatty acids in, 
646* 
Crossbred females, Jersey and Sindhi-Jersey, meas- 
urements of, 1420 


metabolism in 


effects of 


Dairy FARM buildings, design and construe- 
tion of, 1392 
Dairy industry, 
guideposts for, 352 
recruitment and training college graduates in 
the, 116 
role in utilizing our resources, +72 
Dairy processing operations, automatization of, 
1019 
Dairy products, 
detection of foreign fats in, 156, 481 
effect of xanthine oxidase on, 644* 
judging of, evaluation of student, 1019 
lactose in, estimation of, 10 
peroxide test for lipid oxidation in, 202 
xanthine oxidase content of, 644* 
Dairy research to the rescue, 912 
Dairy surpluses, problem of, 113 
Dairy technologists, training of, 1397 
Dairyman’s ‘‘bridge of life,’’ 674* 
Deearboxylation, of amino acids in Cheddar cheese, 
645 
Deionization, 
932 
Demonstrations, in teaching dairy science, 345 
DHIA forms, presentation and discussion on 
changes of, 676* 
DHIA herds, 
New York production and feeding analysis for, 
675* 
source of nutrients and their effects on produc- 
tion in, 675* 
Dicyanodiamide, in rations, value of, 657* 
Dieldrin, in milk of cows fed sprayed forage, 1461 
Diet, restricted roughage-high concentrate, effect 
on milk fat, blood glucose and ketones, 660* 


electrolytic, of protein-free whey, 
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Diets, various, effects on plasma lipides of calves, 
1357 

Differential staining, of spermatozoa, interference 
by glycerol with, 652* 

Digestibility, of dry matter in winter forages, 1435 

Digestibility indicator, method of using plant pig- 
ments as, 672* 

Digestibility studies, with grazing animals, 665* 

Digestion, of fiber, in miniature artificial rumen, 
328 

Diluents, egg yolk, ability to maintain osmotic 
conditions during semen storage, 684 

Diluters, semen, 
frozen skimmilk as, 650* 
heated milk and egg yolk—citrate as, 1308 
recovery of frozen spermatozoa as related to 

composition of, 652* 
survival of frozen spermatozoa 
composition of, 651* 

Dispersion, of milk powder, method for determin- 
ing ease of, 648* 

Dry matter intake, by grazing animals, 665* 


as related to 


Brictency, of labor utilization in milk 
plants, measurement of, 642* 
Egg yolk-citrate, and heated 
diluters, 1308 
Ejaculates, mixed, influences upon fertility, 649* 
Electroejaculation, technique and use in _ bulls, 
556, 1035, 1439, 1444 
Embryonic death rates, in cows bred to bulls of 
different levels of fertility, 691 
Emulsifier, in cheese, effect or C. botulinum, 640* 
Ensiling process, effect on onion and ragweed 
flavors in silage and milk, 58 
Enzymes, 
lipolytic, of raw skimmilk, 644* 
proteolytic, stimulation of lactic acid bacteria 
by substances concomitant to, 634* 
Epinephrine, effect on lactation in the rat, 670* 
Erythrocyte count, of bull blood, 30 
Estrogen, effect on distribution of alkaline phos- 
phatase and glycogen in the uterus, 671* 
Evaporated milk, 
effect of storage on concentration of metals in, 
1401 
effects of formaldehyde and copper on heat sta- 
bility of, 825 
fat separation in: 
age-thinning of concentrated, sterilized milk, 
306 
gravity separation and heat stability, 1061 
homogenization, separation, and _ viscosity 
tests, 60 
Exeretion pattern, diurnal, of chromic oxide, 672* 
Extenders, revival rate of frozen spermatozoa in, 
651* 
Extension programs, use of television in, 674* 


milk, as semen 


Ken buildings; dairy, design and construction 
of, 1392 

Fat, 
and milk production, effect of oxytocin on, 195 
dietary requirements of calves for, 453 

Fat-free diets, effect on calves, 453 

Fat globule, 
carotenoid and vitamin A content of milk as 

related to surface area of, 147 

effect of heat on materials adsorbed on, 644* 
in structure of ice cream, identification of, 642* 
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Fat metabolism, in mammary glands, hsitochemi- 
eal studies of, $24 
Fat percentage, genetic covariation between milk 
yield and, 668* 
Fat production, 
in cattle, selection index for, 744 
type score as related to, 666* 
Fat separation, in evaporated milk: 
age-thinning of concentrated, sterilized milk, 306 
gravity separation and heat stability, 1061 
homogenization, separation, and viscosity tests, 
60 
Fats, foreign, in dairy products, detection of, 156, 
481, 647* 
Fatty acids, specificity of microbial lipases for, 
646* 
Fatty acids, free, 
in fresh milk as related to portions of milk 
drawn, 717 
in milk and cream, methods for estimation of, 
646* 
in Swiss cheese, 639* 
Fatty acids, unsaturated, of milk fat, 
conjugated and nonconjugated constituents, 390 
geometrical isomerism, 399 
methyl ester fractionation 
constituents, 380 
Fatty acids, volatile, 
in rumen juice of calves, influence of ration on, 
664* 
in rumen of cows with ketosis, 664* 
Feeal androgens, analysis of, 72 
Feeal fat, metabolic, observations on, 453 
Feces, yields and composition of holocellulose pre- 
pared from, 664* 
Feeds, 
for cows, sulfur: nitrogen in, 813 
yields and composition of holecellulose prepared 
from, 664* 
Fermentation, lactic, in reconstituted nonfat milk, 
99 
Fertility, 
and semen production of bulls ejaculated at 
various intervals, 1439, 1444 
influences of mixed ejaculates upon, 649* 
of semen and bulls, laboratory tests for evalua- 
tion of, 1050 
of spermatozoa in heated milks, 1303 
of spermatozoa stored at 5° C. and -79° C., 1429 
related to number of spermatozoa inseminated, 
1353 
with frozen spermatozoa, 651* 
Fertilization, yield and protein of silage corn as 
influenced by, 976 
Fertilization rates, 
for bulls in artificial breeding, 649* 
in cows bred to bulls of different levels of fer- 
tility, 691 
Fiber, in miniature artificial rumen, digestion of, 
328 
‘Filled milk,’’ for veal production, butyrated 
lard in, 431 
Filtration method, for roller process dry butter- 
milk solids, 631 
Flavor, 
coconut-like, of milk fat, lactones responsible 
for, 646* 
onion and ragweed, in milk and silage, effect of 
ensiling process on, 58 
Fly control, in dairy processing plants, 348 
Food packaging, trends in, 1251 


and monocthenoid 
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Forage, 
corn, ear and leaf-stalk as factors in silage 
evaluation, 1088 
dieldrin-sprayed, exeretion of dietdrin in milk 
of cows fed on, 1461 
winter, dry matter digestibility of, 1435 
vitamin D content of, 1337 
Formaldehyde, effect on heat stability of evapo- 
rated milk, 825 
4-H (elub), 
dairy record keeping results, 676* 
members, encouraged to keep production ree- 
ords, 676* 
program, bull calves in the, 676* 
Freezing characteristics, of homogenized and un- 
homogenized milk, 1416 


Generic analysis, of components of type and 
production in Ayrshires, 667* 

Genetic covariation, between milk yield and fat 
percentage, 668* 

Genetic variation and covariation, in rate of 
maturity and level of production in cattle, 668* 

Genitalia, bovine, a study of, 1158 

Geotrichum candidum, effect on flavor develop- 
ment in Cheddar cheese, 637* 

Germicides, in sanitizing teat cup inflations, effect 
of, 640* 


Gestations, 
relation of birth weights of calves to length of, 
162 
relation of breeding efficiency to number of, 
673* 


Glucose, blood, effect of restricted roughage-high 
concentrate diet on, 660* 
Glucose-C™, spermatozoan uptake of, 425 
Glycerol, 
interference with differential staining of sper- 
matozoa, 1094 
survival of frozen spermatozoa as affected by 
level of, 45 
Glyeogen, effect of estrogen and progesterone on 
uterine distribution of, 671* 
Grass, dehydrated, effect on reproductive efficiency 
of bulls, 1122 
Grass silage, 
composition of, 1273 
in Vermont, composition and nutrient value of, 
658* 
legume, effeet of ground corn on composition 
and palatability of, 658* 
made with sodium-metabisulfite, chemical char- 
acteristics of, 659* 
preserved with sodium metabisulfite, field trials 
with, 659* 
Grazing, continuous vs. rotational, 665* 
Grazing animals, dry matter intake and digesti- 
bility studies with, 665* 
Grazing behavior, of lactating cows on pasture, 
665* 
Grazing crops, winter, forage dry matter digesti- 
bility and weight gain by heifers on, 1435 
Grazing results, with alfalfa-orchard grass, 664* 
Growth, and function of rat mammary gland, 
stimulation of, 669* 
Growth characteristics, of streptococcal phages, in 
relation to cheese manufacture, 209 


Hay. 


alfalfa, feeding value of, 1116 
feeding, body weight and milk production af- 
fected by rates of, 1233 
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grain ratios, fed with 
effects of, 724 
replaced by corn 
cows, 657* 
test for quality in, 552 
ay-like flavor, in vitamin A fortified 
milk, 1346 
Heat denaturation, of milk serum proteins, 633* 
Heat stability, of evaporated milk, effects of for- 
maldehyde and copper on, 825 


aureomycin to calves, 


silage, effect on lactating 


low-fat 


Heifers, 
Holstein, factors affecting age at puberty in, 
252 


on winter grazing crops, weight gain of, 1435 
Hematocrit values, of bull blood, 30 
Hemoglobin, 
levels, in blood of calves, 805 
values, in bull blood, 30 
Herbage, selection, by grazing cattle, 89 
Herbivore, newborn, permeability of the gut of, 
653* 
Herd, dairy, fed on farm grown materials, 905 


Holocellulose, prepared from feeds and _ feces, 
yields and composition of, 664* 
Holstein-Friesian herd, influence of dams and 


sires on breeding efficiency of daughters in a, 
667* 
Homogenization, 
and deaeration of milk, by 
645* 
viscosity of milk as affected by, 642* 
Honeysuckle, for vearling bulls, digestibility of, 
173 
Housing, 
effect on growth and health of calves, 656* 
for calves, conventional vs. outdoor pens, 562 
Hyperkeratosis (X-disease), isolation and identi- 
fication of causative agent from processed 
wheat concentrate, 662* 


ultrasonic waves, 


Ice CREAM, 
detection of substitute fats in, 647* 
identification of fat globules in structure of, 
642* 
inereasing solids-not-fat in, 643* 
seeding to control lactose crystallization in, 
1099 
Ice cream mix, bacteriological studies on HTST 
pasteurization of, 37 
Indexes, approximate, for butterfat production, 
comparison of, 668* 
Inheritance, of blackish in cattle, 1368 
Inorganic equilibria, in milk, ion-exchange resin- 
contact time method for study of, 1409 
Iodine, protein bound, effect of feeding potassium 
iodide on, 660* 
Ton-exchange resin-contact time method, inorganic 
equilibria in milk studied by, 1409 
Tonie availability, in milk, effect of heat on, 643* 
Iron, 
alleviation of anemia in calves by use of, 805 
in milk, quantitative spectrographie determina- 
tion of, 1401 
Isotope dilution technique, thyroxine determined 
by, 1227 
Italian curd, for Mozzarrelle cheese, heat process- 
ing of, 639 


JERSEY females, body weights and measure- 
ments of, 1420 : 

Judging dairy produets, student, evaluation of, 
1019 
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Keronzs, blood, effect of restricted roughage— 
high concentrate diet on, 660* 
Ketosis, 
etiology and treatment of, 661* 
volatile fatty acids in rumen of cows with, 664* 
Knowledge, Dairymen’s, influence on success, 1255 
Kreis reaction, compounds in oxidized milk fat 
responsible for, 647* 


Lasor, 


requirements, for milk pipeline and conventional 
milking operations, 583 
utilization, in market milk plants, method for 
measuring efficiency of, 642* 
Lactation, 
antagonism between mammary growth and, 669* 
rat, effect of epinephrine on, 670* 
response, effect of dehydrated and pelleted al- 
falfa on, 523 
Lactenin, effeet on spermatozoan livability, 1205 
Laetie acid 
bacteria, 
corn steep liquor in nutrition of, 635* 
stimulation of, 634* 
production, by rumen bacteria, 662* 
starter cultures, free amino compounds in, 645* 
Laetie sterters, preserved by lyophilization, 639* 
Lactobacilli, in milk, characterization of, 634* 
Lactobacillus casei, metabolism of amino acids by, 
635* 
Lactometer, determining milk solids by use of, 869 
Lactones, and the coconut-like off-flavor of milk 
fat, 646* 
Lactoperoxidase, effect on spermatozoan livability, 
1205 
Lactose, 
in dairy products, estimation of, 10 
process for enzymatic hydrolysis of, 643* 
progress in manufacture and use of, 1106 
Lactose crystallization, 
effect on protein stability in frozen concentrated 
milk, 830 
in ice cream, controlled by seeding, 1099 
Lard, 
butyrated, in ‘‘ filled milk’’ for veal production, 


calf digestion coefficient for, 453 

Lead, in milk, quantitative spectrographic deter- 
mination of, 1401 

Lespedeza sericea, factors affecting apparent nu- 
tritional value of, 666* 

Letters to the editor, 111, 240, 343, 466, 621, 904, 
1138, 1483 

Leucocytes, 
of bull blood, 30 
of cows with parturient paresis, 967 

Leuconostoc citrovorum, in cultured buttermilk, 
changes in numbers of, 1128 

Lima bean silage, for cattle, 658* 

Lipase: A review, 775 

Lipases, 
of raw skimmilk, 644* 
microbial, fatty acid specificity of, 646* 

Lipid oxidation, peroxide test for, 202 

Lipides, plasma, of calves, effects of diets on, 
1357 

Livability, spermatozoan, as affected by milk pro- 
teins, 220 

Liver, calf, estimation of vitamin A and carote- 
noids in, 1474 
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Liver vitamin A, as related to plasma vitamin A 
in calves, 1376 

Loose-housing, cow activities in, 269 

Lyophilization, preservation of lactie starters by, 
639* 


SIUM, serum, of calves, dietary factors 
affecting, 656* 
Malty aroma substance, from cultures of S. lactis 
var. maltigenes, identity of, 1316 
Mammary gland, 
apyrase activity of, 498 
8-hydroxybutyrie acid metabolism of, 669* 
duet, role of testis in growth of, 674* 
extracts, biological activity of phosphate esters 
in, 1027 
growth, antagonism between lactation and, 669* 
histochemical studies of fat metabolism in, 924 
phosphokinase activity of, 505 
rat, stimulation of growth and function of, 669* 
Mammary particulate, bovine, lactating, 
ATP-ase activity in, 670* 
oxidative metabolism in, 671* 
Management, 
effect on growth and health of calves, 656* 
effect on response of cows following parturition, 
673* 
practices, and net returns in Washington milk 
production, 14 
Maturity rate, in cattle, geuetie variation and 
covariation in, 668* 

Menadione, dietary, effect on susceptibility of 
milk to copper-induced oxidized flavor, 640* 
Menadione-fed cows, bacteriological studies of 

milk from, 636* 
Metabolism, 
acetate—citrate, of lactic group streptococci, 
635* 
amino acids, by L. casei, 635* 
8-hydroxybutyrie acid, of the mammary gland, 
669* 
fat, of mammary glands, histochemical studies 
of, 924 
oxidative, in lactating bovine mammary par- 
ticulate, 671* 
Metals, in evaporated milk, effect of storage on, 
1401 
Methane, formation by rumen bacteria, 662* 
Methionine, and sunlight flavor formation in 
milk, 446 
Methods-time measurement analysis, of milk plant 
cleaning operations, 1198 
Microflora, 
of blue cheese slime, 436 
of the vulvo-vaginal mucosa, agglutination test 
in study of, 671* 
Microorganisms, rumen, 
effect of aureomycin on in vitro cellulose diges- 
tion by, 663* 
release of ammonia nitrogen by, 1449 
Milk, 
amylases in, 644* 
and food sanitation, laboratory training in, 1484 
biochemical properties of, 1 
buffer capacities of, 641* 
cell counts of platform samples of, 919 
dispenser operations, bulk, plant study of, 642* 
effect of: 
bactericides on flora of, 635* 
benzoyl peroxide in the bleaching of, 1241 
ensiling process on onion and ragweed flavors 
in silage and, 58 


form of alfalfa on carotenoid and vitamin A 
content of, 311 
heat on antibiotic content of, 647* 
homogenization on viscosity of, 642* 
S. lactis on amino acid and peptide content 
of, 790 
treatments on stability of ascorbie acid in, 
641* 
ejection, of sheep, effeet of relaxin on, 1173 
fat, 
detection of adulteration of, 646* 
effect of restricted roughage—high concen- 
trate diet on, 660* 
lactones and the coconut-like off-flavor of, 
646* 
oxidized, compounds producing Kreis and thio- 
barbiturie acid reactions in, 647* 
unsaturated fatty acids of, 
conjugated and nonconjugated constituents, 
390 
geometrical isomerism, 399 
methyl ester fractionation and monoethe- 
noid constituents, 380 
filled, effects of tocopherol on calves fed vari- 
ous types of, 655* 
flow, effects of vacuum level and milking dura- 
tion on rate of, 276 
fortification of, 624 
free fatty acids in, 646* 
fresh, 
concentrated, flavor of, 647* 
free fatty acid content related to portions 
drawn, 717 
from cows fed dieldrin-sprayed forage, excre- 
tion of dieldrin in, 1461 
from cows fed menadione, bacteriological stud- 
ies of, 636* 
from successive portions of a milking, relation- 
ship between fat globule surface area and 
earotenoid and vitamin A content of, 147 
frozen concentrated, effect of lactose erystalli- 
zation on protein stability of, 830 
handling, bulk, and pipeline milking, 1486 
heated, 
and egg yolk-citrate, as semen diluters, 1308 
fertility of spermatozoa in, 1303 
homogenized, 
and deaerated by ultrasonic waves, 645* 
freezing characteristics of, 1416 
human, cow, sow, and rat, comparative study of 
earbohydrates in, 538 
inorganic equilibria in, 1409 
in paper containers, outer market distribution 
of, 353 
lactobacilli found in, 634* 
nonfat, 
manufacture of, 476 
reconstituted, lactic fermentation in, 22 
oxidized flavor of, 641*, 819 
oxygen uptake by, 648* 
pasteurized, 
coliforms isolated from, 636* 
inoculated with G. candidum for cheese manu- 
facture, 637* 
longevity of spermatozoa in, 650*. 
plant cleaning operations, methods-time meas- 
urement analysis of, 1198 
plants, market, method for efficiency of labor 
utilization in, 642* 
powder, 
method for determining ease of dispersion of, 
648* 


il 
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spray-dried, manufacturing conditions affect- 
ing dispersibility of, 648* 
wettability method for, 863 
production, 
and profit, as influenced by farm grown 
feeds, 905 
effect of aureomycin and vitamin Bi supple- 
mentation on, 677 
effect of intervals between milking on, 673* 
effect of maturity of ensiled alfalfa on, 247 
effect of oxytocin on, 195 
effeet of rate of hay feeding on, 1233 
effect of thyroprotein feeding on, 877 
effeet of vacuum level and milking duration 
on, 276 
effect of various forms of alfalfa on, 657* 
effect of withdrawing thyroactive feed on, 
1212 
influence of grass pastures on persistency of, 
665* 
influence of oxytocin-indueced udder evacua- 
tion on, 299 
in Washington, management practices and 
net returns in, 14 
prediction of, 1273 
undecorticated safflower meal and protein con- 
tent of grain for, 671* 
various pastures for, 666* 
products, promoting use of, 467 
proteins, 
effect of heat and salts on sedimentation rates 
of, 633* 
effect on spermatozoan livability, 220 
sedimentation of, 634* 
serum, heat denaturation of, 633* 
raw, rennet coagulation time of, as influenced 
by bulk handling, 637* 
replacement diet, with and without aureomycin, 
effect of, on calf blood, 1190 
replacement formulas, use of soybean flour and 
whey solubles in, 373, 655* 
sanitation, 
laboratory training program in, 1484 
survey of, 1399 
secretion, specific activity-time relationship in 
studies of, 670* 
skim (see Skimmilk ) 
solids, determination by use of lactometer, 869 
spectrographic analysis of trace elements in, 
643* 
sunlight flavor formation in, 446 
supplemented with known nutrients, effect on 
calves, .656* 
thermal death time studies of B. abortus in, 
636*, 1291 
unhomogenized, freezing characteristics of, 1416 
vitamin A fortified, hay-like flavor in, 1346 
yield, genetic covariation between fat percentage 
and, 668* 
Milk fever, infiuence of dietary caleium ind phos- 
phorus on incidence cf, 360 
Milking, 
at various intervals, effect on production, 673* 
duration, effects on production, milking time 
and rate, 276 
with aid of oxytocin, effects of, 1261 
Milkstone formation, laboratory study of, 640* 
Molasses, and urea, in rations of growing cattle, 
utilization of, 284 
Mold-ripened cheeses, antibiotic activity of, 1184 
Mortality, 
prenatal, between pregnancy diagnosis and par- 
turition, 1071 


rates, embryonic, for bulls in artificial breeding, 
649* 
Mutants, white, of P. roqueforti, use in cheese 
making, 711 


Ner RETURNS, and management practices in 
Washington milk production, 14 
Nitrogen extender, in rations, value of dicyano- 
diamide as, 657* 
Nitrogen: sulfur ratios, in feeds for cows, 813 
Nonfat milk, 
manufacture of, 476 
reconstituted, lactic fermentation in, 22 
Nonreturn decline, 938, 
Nonreturns, relationship between number of serv- 
ices and per cent of, 673* 
Nutrition information, on promoting use of milk 
produets, 467 : 
Nutritional requirements, of rumen bacteria, 81 
Nutritive value, of corn silage, 957 


Osmortc conditions, optimum, for semen, egg 
yolk diluents for maintenance of, 684 
Oxidized flavor, of milk, 
copper-indueced, inhibitory effect of menadione 
on, 640* 
factors affecting, 641* 
inhibition with chelating compounds, 819 
Oxygen uptake, by milk and milk constituents, 
648* 
Oxytocin, 
effect of hourly milking with aid of, 1261 
effect on milk and fat production during a lae- 
tation, 195 
milk and butterfat production when udder evac- 
uation induced by, 299 


PARESIS, 
effect of calcium borogluconate on blood and 
urinary calcium in cows with, 661* 
leucocytes of cows with, 967 
levels of blood constituents in cows with, 185 
Parturition, 
blood protein changes associated with, 662* 
conception rates from services at intervals after, 
1042 
constituents of blood at time of, 546 
effect of management on response of cows fol- 
lowing, 673* 
prenatal mortality between pregnancy diagnosis 
and, 1071 
Pasteurization, HTST, of ice cream mix, bacterio- 
logical studies on, 37 
Pasture, 
forages, ensiled with dried citrus pulp, 658* 
grass, influence on milk production, TDN yield, 
and dry matter intake of cows, 665*, 666* 
grazing behavior of lactating cows on, 665* 
pangola-white clover, for cattle, 666* 
practical methods for evaluation of, 676* 
Penicillin, action on V. fetus in extended semen, 
407, 416 
Penicillium roqueforti, white mutants, for cheese 
making, use of, 711 
Pens, for ca'ves, outdoor portable vs. conventional 
housing, 562 
People and Events, in dairy science, 107, 235, 336, 
463, 6.., 772, 900, 1014, 1134, 1247, 1383, 1476 


Peptidase>, endocellular, of S. lactis, 795 
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Peptides, in milk, formed by action of 8S. lactis, 
790 
Permeability, of the gut of the newborn herbivore, 
653* 
Peroxide test, for lipid oxidation in dairy prod- 
ucts, 202 
Phages, streptococeal, growth characteristics, in 
relation to cheese manufacture, 209 
Phosphatase, alkaline, 
effect of estrogen and progesterone on uterine 
distribution of, 671* 
in bull blood, 30 
Phosphatase test, factors affecting sensitivity and 
accuracy of, 698 
Phosphate esters, in mammary gland extracts, bio- 
logical activity of, 1027 
Phosphates, irradiated, availability of phosphorus 
from, 661* 
Phosphokinase activity, of the mammary gland, 
505 
Phosphorus, 
dietary, incidence of milk fever as affected by, 
360 
from irradiated phosphates, availability of, 661* 
requirements of bulls, rations for study of, 653* 
Pipeline milking, and bulk milk handling, 583, 
1486 
Pituitary, histology of, in relation to production, 
1074 
Plant pigments, as indicator of digestibility, 
method for use of, 672* 
Plasma ealeium, and inorganic phosphorus, in bull 
blood, 30 
Plasma vitamin A, as related to liver vitamin A 
*in calves, 1376 
Polenske method, for detecting substitute fats in 
ice cream, reliability of, 647* 
Polysaccharide synthesis, by rumen bacteria, 662* 
Potassium iodide, dietary, effect on protein bound 
iodine, 660* 
Pregnancy, prenatal mortality between parturi- 
tion and diagnosis of, 1071 
Pregnaney test, Richardson biochemical, applied 
to cattle, 662* 
Pregnanediol, assay of cows’ urine for, 355 
Preservative, 
for frozen condensed skimmilk, 648* 
for legume silage, 52 
Production, 
and feeding analysis, for New York DHIA 
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posed, 759 


Rar, 


effect of epinephrine on lactation in, 670* 
stimulation of growth and function of mam- 
mary gland of, 669* 
Rations, 
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dling of raw milk on, 637* 
Reproduction, 
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frozen condensed, use of sucrose in preservation 
of, 648* 
frozen condensed and dried, comparison of bak- 
ing quality of, 649* 
lipolytic enzymes of, 644* 
psychrophilie organisms in, 317, 1164 
salt content of, 571 
unheated, effect of cysteine-HCl on spermatozoa 
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effect of rumen bacteria on potency of, 663* 
effect on growth of calves, 654* 
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675* 
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histology of, 669*, 1074 
role of, in mammary gland duct growth, 674* 
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1291 
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Thyroprotein feeding, 
effects of, 877 
to identical twins, results of, 660* 

Thyroxine, content of thyroactive proteins, 1227 

Tin, in milk, quantitative speetrographic deter- 
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Viricidal agents, 
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Visuals, new developments in, 675* 
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and carotenoids in calf liver, estimation of, 1474 
content of milk, effect of form of alfalfa on, 311 
depletion ration, effect of intake on blood con- 
stituents of calves, 857 
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1346 
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Vitamin Bu, effect of, on production, composition, 
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Vitamin D, in forages, factors affecting, 1337 
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Wettability method, for powdered milk, 863 

Wheat concentrate, processed, isolation and iden- 
tification of causative agent of hyperkeratosis 
from, 662* 

Whey, 
protein-free, electrolytic deionization of, 932 
solubles, in milk replacement formulas, 373, 655* 

Wind, effect on cows, 674* 
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resistant, baits for control of, A155 
toxicity of methyl and ethyl analogs of alle- 
thrin to, A155 
Fluorine, controlled feeding of, A105 
Fly, DDT-resistant, action of aliphatic thiocyan- 
ates against, A27 
Fly control, in barns, A40 
Fly repellent tests, A154 
Fly repellents, new, A154 
Fodder, 
determination of vitamin E in, A31 
dried, green, effect on sperm quality, A106 
from gourds, A49 
Slovenia, albumin in, A49 
yueca leaves as, A48 
Fodders, containing fish meal, trimethylamine in, 
A49 
Food, 
determination of vitamin E in, A31 
E. coli and 8S. faecalis as test organisms for 
determining sanitary quality of, A133 
infant, A6 
vitamin rich, for animals, needles of coniferous 
trees as, A34 
Food brokers, use of, Al2 
Food delivery box, A48 


containing, 
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Food product, A116 
for animals, A106 
milk protein, A30 
Food product flavoring, composition and prepara- 
tion of, A67 
Food products, milk in preparation of, A62 
Foods, radiation sterilization of, A101 
Forage, digestibility and intake, as related to milk 
production, A48 
Forage grasses, in N.E. States, diseases of, A106 
Forage quality, faetors involved in, A137 
Forages, 
harvesting and preserving, A17 
winter, suitability and utilization by cattle, A84 
Foreign fats, developing tests for, A148 
Formula, orange flavor, use of corn syrup in, A60 
Fountains, in super-markets, A50 
Freezer converter, A148 
Friesian milk, composition of, AS83 
Frozen comestibles, merchandising machine for, 
A76 
Frozen concentrated milk products, A453 
Frozen confection, 
apparatus for completing and packaging, A7( 
coating composition for, AST 
mold, Al24 
sandwich container, A107 
Frozen confections, 
machine for manufacture of, A87 
refrigerator apparatus for, A70 
stick, past-present-future, A18 
Frozen cream, how to limit oxidation in, A62 
Frozen dessert, vegetable fat, Costello’s volume of, 
A50 
Frozen dessert business, soft, quality key to suc- 
cess in, A62 
Frozen dessert machines, flavor injection unit fer, 
A5l 
Frozen desserts, 
base materials for, A19, A108 
coliform and standard plate counts on, A37 
soft, future of, Al9 
1953 sales index of, A153 
use of sucaryl in, A61 
Frozen milk, 
effect of freezing rate on stability of, A96 
estimation of protein denaturation in, A7 
Frozen milks, recombined, prevention of oxidized 
flavor in, A125 
Frozen pop confection, AS8 
Frozen products, 
eontainer for, A125 
soft served, A5l 
Fruit concentrates, frozen, A60 


officinalis, a poisonous plant for rumi- 
nants, A26 

Gammelost, amino acids in, A115 

Garbage, Omaha makes feed out of, A1l6 

Genus Bacillus, as source of growth stimulants, 
Al4 

Germicides, quaternary ammonium, testing, A31 

Glass lines, cleaning in place, A40 

Glass piping, industrial, A77 

Glucose, mammary tissue oxidation of, Al2s 

Glutamine, used for mammary synthesis of casein, 
Al54 

Glutathione, oxidized, determination of disulfide 
groups in, A6s 

Glycemic levels, in calves, and rumen development, 

Glycerol, in sheep rumen, fermentation of, A4s 


Glycolysis, in lactating mammary gland, A77 
Gossypol, in feeds, determination of, A105 
Gourds, edible oil and fodder from, A49 
Grain, course or fine?, A73 
Grass, artificially dried, A49 
Grasses, forage, in N.E. States, diseases of, A106 
Grazing behavior, as related to milk production, 
Growth stimulants, genus Bacillus as source of, 
Al4 
Grubs, on cattle, destruction of, A151 
Gums, 
in cacao, detection of, A117 
in dairy products, identification of, A83 
Gutter cleaner, 
barn, AS6 
for cow barus, Adi) 


Hay, 


effect of water intake on digestibility and pass- 
age of, Al6 
Lucerne, digestibility of, A16 
prairie, effect of alfalfa ash on digestibility of, 
A105 
variations in, as affecting secretion of low-fat 
milk, A137 
Heat exchanger, 
plate, All 
plate type, AS4 
Heat tolerance, in cattle, relationship of surface 
area to, A24 
Heat tolerance test, repeatability of, A24 
Heat treatment, high, of milk, A76 
Heating, induction and dielectric, A115 
Heifer replacements, reducing costs of, A138 
Helichrysum italicum, effect on vitamin C in sheep 
milk, A26 
Hemicelluloses, from orchard grasses, isolation of, 
Al02 
Hexokinase, of P. putrefaciens, 
Hexosamine, in milk, Ald 
Holding room, sub-zero, on wheels, A94 
Holstein-Friesian eattle, hereditary female ster- 
ility in, Al24 
Homogenization, of liquids, method for, A149 
Homogenizer capacity, increasing, A51 
Homogenizers, HTST timing with, A31 
Homogenizing device, for liquids, A84 
Hormonal fattening, sterilization, and lactation, 
mechanism of, 
Hormonal mechanism, of mammary development 
and lactation, A26 
Hyaluronidase activity, in preservation of semen, 
Hyaluronidase, testicular, characteristics of, A39 
Hydrogenated oil, as adulterant of butterfat, de- 
tection of, Al0 
Hyperkeratosis, in calves, 
produced by oil-based insecticide carrier, A55 
relationship of vitamin A to, A55 
Hypoealeaemia, fatal, associated with excess con- 
sumption of fodder-beet, A79 
Hypochlorite, effect on detergent activity, A112 


Ice CREAM, 
bar, bagging machine for, A20 
bars, chocolate coated, A75 
beater mechanism for softening of, A2O 
bulk, 
pre-dipping, Al25 
pre-dipping for greater sales, A108 


I 
I 
1 
I 
: qT 


SUBJECT INDEX OF ABSTRACTS 


cabinet attachment, A139 
coliform in, A96 
compositions, stabilized, A37 
compounds affecting dryness of, A59 
cone vending machine, A152, A87 
consumers, keeping loyalty of, A37 
costs, trends in, A37 
efficient packaging cuts marketing costs of, A96 
experiences of plants with mellorine and, A19 
filler, automatic, A37 
flavor, vanilla-like synthetie cuts cost of, AGO 
freezer, double headed, A148 
1953 gallonage, A75 
in cones, coating apparatus for, A153 
in foreign lands, A50 
industry, engineering needs of, A104 
low carbohydrate, for diabeties, A74, A87 
making plate, A152 
means for striping and ribboning of, A76 
mix, 
HTST pasteurization of, A18 
made by condensing, A60 
multiflavor, nozzle for, AS7 
new flavor of, A75 
package, A125 
packaged, consumer satisfaction from, A36 
packages, size analysis of, A125 
packaging machine, A103 
parlor, floating, A152 
plant, Borden’s newest, A50 
plants, 
corrosion of stainless steel in, A111 
time and motion studies in, AS87 
pre-dipped bulk, self-service sales of, A125 
process control for, A75 
sales influencing trends, A36 
sandwich wafers, production apparatus for, AST 
scoop, A5l1 
slicer, A19 
standards for cream used in, A107 
state regulations for cream used in, A108 
stencils, individuality in, A61 
stick dispensing machine, A20 
sundaes, method for, A153 
super-market survey on, Al9 
tarts, forming head for, A20 
tubs, stabilizing device for, A139 
variegated, 
apparatus for, A75 
method for, A152 
what consumer likes in, A61 
Immune globulin, absorption by lamb after inges- 
tion of colostrum, A40 
Indicators, in measurement of dry matter intake, 
use of, Al4 
Infant food, A6 
Inflation, for milkers, A74 
Inflations, resilient, device for reversing, A74 
Insecticide applicator, A53 
Insecticide carrier, oil-based, hyperkeratosis in 
calves caused by, A55 
Tnsecticides, 
chemotherapeutic use of, + 
chlorinated hydrocarbon, toxicity of vapors of, 
A27 
in foods, problems of, Alll 
in milk, bioassay of, A155 
Insects, bloodsucking, chemotherapeutic use of 
insecticides against, AL7 
Insulin, concepts of action of, Al41 


Intramammary pressure, 
effect of oxytocin on, A76, A139 


A183 


effects of vasopressin and acetylcholine on, 
A139 

recording tympanometer for measurement of, 
A139 


Iodinated casein, effect on milk yield, A89 

Iodination, enzymic, of milk proteins, A68 

Iodine bactericides, in dairy industry, A112 

Iodine, content in milk, Al0 

Iodophors, as sanitizing agents, A98 

Ionic concentrations, in milk, variations of, A10, 
A127 

Tschaemum rugosum, as a eattle feed, A34 


Jer CLEANERS, use in dairy plants, A53 


Kercen in goats, A26 
‘*Kofa’’ salt, addition to ensiled crops, A16 
Kuwazu disease, biochemical studies on, A2 


Lasor, 


dairy plant, A149 
pumping curd saves, A4 
requirements, dairy, A74 
Laboratory services, expansion of, A94 
Lactation, 
biochemistry of, A39 
hormonal mechanism of, A26, A39 
late, effects of once-daily milking in, A138 
stage, physical properties of milk influenced by, 
A69 
Lacteal fluids, method of drying, A5 
Laetenin, in milk, 
Lactic acid bacteria, 
distribution of types of, A146 
vitamin and amino aeid production in associa- 
tions of, A101 
Lactobacilli, 
classification of, A6 
from ealf rumen, studies of, A145 
Lactose: chlorides in milk, relationship of, A31 
Lactose, 
conversion to glucose and galactose, A116 
in milk, variations in concentrations of, A10, 
A127 
synthesis, from glucose in mammary gland, A128 
Legumes, 
in Louisiana, experiments with, A105 
in N.E. states, diseases of, A106 
vitamin content of, A49 
Leuconostoc citrovorum, synthesis of citrovorum 
factor by, A31 
Lignin, modified procedure for, A102 
Limestone, effect on silage digestibility, A151 
Lindane, 
evaporation rate and toxicity to flies of, A77 
residues, chlorinated polyphenyls for, A155 
vapor, concentration and time required to kill 
insects, A78 
vaporizers, effectiveness of, A27 
Linseed cakes, for milk production, A49 
Linseed oil meal, expeller vs. solvent proeess for 
milking cows, Al5 
Lipids, effect on dispersion of milk powder, A133 
Lipoie acid, metabolic functions of, A140 
Liquefied petroleum gas, A72 
trucks converted to, A46 
Lithographic plate coating, composition for, A145 
Live weight, influence on milk production, A73 
Liver stores, calf, of carotenoids and vitamin A, 
estimation of, A23 


A184 


Livestock feeder, A36 
Livestock sprayer, A138 
Lueerne, artificially dried, A49 


Macurnez, for inserting containers, A148 
Machine milking, 
abnormal, effects on histopathology of udders, 
A56 
variations in rate of, A38 
Maggot therapy, of actinomyecosis, Al 
Magnesium, 
effects of intravenous administration of, A24 
in blood serum, determination of, A102 
Maintenznece repair, saving on, A58 
Mammary development, hormonal mechanism of, 
A26 
Mammary gland, 
effects of anterior hypophysis on, A26 
lactating, glycolysis in, A77 
synthesis of lactose from glucose in, A128 
uptake of amino acids by, A77 
use of glutamine for casein synthesis by, A154 
Mammary gland homogenates, synthesis and oxi- 
dation of citric acid in, A128 
Mammary homogenates, biosynthesis of fatty acids 
from acetate by, A39 
Mammary tissue, lactating, oxidation of glucose 
and acetate by, A128 
Management systems, effect 
body temperature, A35 
Manure conveyor, reciprocating hoe type, A86 
Maple syrup process, in dairy units, A104 
Margarine, 
effect on mouse reproduction, A23 
in butter, detection of, A42 
Marketing cheese curd, A145 
Marketing costs, A122 
Mastitis, 
eontrol of, Al, A131 
relationship between method of stripping and, 
A65 
Mastitis milk, carotenoids, vitamin A and phos- 
phorus in, A113 
Media, new, for milk plate counts, A100 
Mellorine, 
experiences of plants with ice cream and, Al 
1953 volume in, A153 
Menadione, effect on rate of milk souring, A52, 
Al08 
Merchandising machine, for 
A76 
Metabolie functions, A140 
Metabolism, 
calcium, physiology of, A24 
‘arotene and vitamin A, of phosphorus deficient 
eattle, A23 
mineral, of calves, A39 
of acetylcholine in spermatozoa, A26 
of sorbie acid, A57 
water and electrolyte, A141 
Metabolism stall, for steers, A111 
Methyl red test, in peptene media, A6S 
Methylene blue milk, assay of antibiotics by use 
of, A134 
Methylene blue stain, methods for preparation and 
use of, A100 
Methylene blue test, effect of addition of rennet 
to, A88 
Microbial fermentation, in bovine rumen, magni- 
tude of, A136 
Microcoeei, action of hypochlorite on, AS 
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Micrococcus pyogenes, in milk, Al, A8 
Microflora, surface, of Stilton cheese, A147 
Microorganisms, 
rumen, 
cellulose digestion by, A93 
protein synthesis by, A7 
two fractions from raw milk inhibitory for, 


Mildew, eliminated by new paint, A46 
Milk, 
adsorption of benzene vapors by, AS3 
analysis of flavor research on, A97 
and milk fat yield, relation between blood min- 
erals and, A25 
and milk products, 
laboratory for improvement in quality of, A52 
nutritive value of, A140 
antibacterial substances of, A127 
apparatus for treatment of, A148 
as semen diluter, A73 
bioassay of insecticides in, A155 
biochemistry of phosphorus in, A39 
biological detection of antibiotics in, A22 
biological detection of preservatives in, A147 
bottled, production of, A33 
balk, transporting and dispensing 
for, A122 
cells in, A65 
chemical and 
A21 
chemicals against tin taste in, A52 
concentrated, new market for, A67 
concentration process for, A30 
condensed, causing grey discoloration of coffee, 
continuously sterilized, properties of, A154 
cow and buffalo, solids-not-fat in, A89 
creaming impairment in HTST pasteurization 
of, A97 
detection of preservatives in, AS2 
determination of chlorides in, A44 
determination of titratable acidity of, A83 
dried, 
dispersion and stability of, A6 
estimation of copper in, A102 
whole, antioxygenie action of vitamin C on, 
AG 
effect of carrageenins on viscosity of, A97 
effect of nebacetin in, A81 
effect of water or urine on physical constants 
of, 
enrichment with vitamin D, A23 
factors affecting nutritive value of, A154 
fat test of, A10 


apparatus 


physico-chemical properties of, 


fluid, 
effect of calcium removal on properties of, 
A135 
grade, supply and utilization in Mississippi, 
A84 


in Utah and Montana, costs, quality, and 
prices of, AS85 
New York, antibioties in, A22 
supermarket survey on, A103 
utilization and disposition in Rhode Island, 
A150 
fortified, control of vitamin D in, A23 
Friesian, composition of, A83 
from bulk tanks, influence of agitation on Bab- 
cock test of, 
frozen, 
casein stability in, A10 
effect of freezing rate on stability of, A96 


| | 


SUBJECT INDEX OF ABSTRACTS 


estimation of protein denaturation in, A97 
goat, detection of cow milk in, A126 
heat-indueed acidity in, A134 
heat-induced browning of, A134 
hexosamine in, Al0 
high heat treatment of, A76 
homogenized, 
effect on viscosity of corn stareh puddings, 
A5l 
half and half, A52 
increasing homogenizer capacity for, A51 
in preparation of foods, use of, A62 
solar activated flavor of, A126 
human, 
artificial, rat as test animal for evaluation of, 
A154 
chemical composition of, A10 
nicotinie acid in, 
pyruvie acid and acetaldehyde in, A31 
tests for adulteration of, Al0 
variations in fat content of, A139 
identification of M. pyogenes in, A8 
influence of feeding silage on properties of, Al4 
influence of ration on amino acid composition 
of, A3l 
inoculated, summer and winter rates of deteri- 
oration of, A134 
in paper containers, outer-market 
of, A150 
in the cow, vitamin enrichment of, A23 
iodine content of, Al0 
ionic and lactose concentrations in, A110 
kangaroo, composition of, A31 
lactenin in, Al0 
low-fat, 
effect of protein content of concentrates on 
secretion of, A137 
effect of variations in hay on secretion of, 
A137 
M. pyogenes in, Al 
malty defect of, A151 
media for plate counts on, A100 
methods for determination of phosphatase in, 
Al0 
nonfat dry, greater sales of, A&81 
nutritive value for rats, A23 
of African women, protein content of, A10 
origin of sunlight flavor in, A387 
partition of carotenoids and vitamin A in, A69 


distribution 


pasteurized, 
bacteriological studies on, A7 
cold milk separation of, A20 
cost of, A84 
influence of psychrophiles 
keeping quality of, A6 
phosphatase inactivation in HTST pasteuriza- 
tion of, A97 
physical properties of, A69 
pricing fat and skim components of, A71 
protein reducing value of, A9 
quality, at lower costs, A124 
quantity and quality, from different quarters of 
udder, A89 
rabbit, source of antibody in, A127 
raw, 
determination of antibiotics in, A109 
inhibition of microorganisms by, A145 
reaction of salts during ashing of, A117 
reconstituted, 
in normal milk, colorimetric determination of, 
All7 
process for, A22 


end aureomyein on 


A185 


refrigerated, factors affeeting plate co nts of, 
A82 
relationship of lactose to chlorides in, A31 
resistant to oxidized flavor, A153 
ropy, 
biology of rope production, A81 
chemical studies of ropy substance, A81 
‘*SAL’’ procedure for determining butterfat 
content of, A103 
sheep, effeet of Helichrysum italicum on vita- 
min C content of, A26 
skim, 
fluid, market for, A&85 
powdered, improving ease of reconstitution 
of, A92 
reconstituted, temperature variation of spe- 
cifie gravity of, A133 
sow’s, 
composition throughout lactation, A69 
estimation of energy of, A69 
sterilized, 
antibiotic action 
acids in, A125 
bacteriological requirements for, A8 
sugar-phosphate esters of, A110 
system of payment for, A32 
tank-truck assembly of, A150 
tocopherol content of, A127 
treated with oxygen, A109 
ultrasonic treatment of, A127 
variations in ionic and lactose concentrations of, 
A127 
vegetable, processing and nutritive value of, A43 
vitamin Bi: activity of, A&3 
watered, problem of, A108 
Milk albumin, new method for obtaining, A6 
Milk bottle carrying device, A104 
Milk bottle crate, A45 
Milk can filling attachment, continuous, A74 
Milk can, future of, A47 
Milk can hoist, A124 
Milk can rack, A124 
Milk cans, single service, dispenser for, A153 
Milk collection, bulk, A152 
Milk constituents, propionate as precursor of, A26 
Milk containers, paper, future supplies of, A47 
Milk control, State, All, A12 
Milk cooler, A17, A18 
portable, A138 
spray-type expansible, A107 
surface, heat transfer in, A22 
Milk coolers, surface, efficiencies of, A138 
Milk diet, 
and malaria, A39 
deficient in iron, copper and manganese, effects 
of, A127 
Milk delivery systems, continuous, pressure equal- 
izing device for, A107 
Milk dispenser, inanimate cow, A72 
Milk distribution, and pricing in Great Britain, 
A48 
Milk ejection curves, automatic recording appa- 
ratus for, A38 
Milk evaporated, stability during sterilization of, 
A89 
Milk fat adulteration, A70 
Milk fat blending apparatus, All 
Milk fat, 
from acetate and glucose, biosynthesis of, A109 
melting and solidification of, A21 
unsaturated acids in, A103 
Milk fats, whole, component acids of, A118 


of polyunsaturated fatt- 


A186 


Milk fever, and milking methods, A65 
Milk filling system, continuous, A45 
Milk fortification, continuous, with 
method for, A127 
Milk handling, 
bulk, A138 
analyses of, A5l 
bulk vs. can, A152 
ean and tank, cost analysis of, Al7 
Milk handling system, bulk, bacteriological studies 
of, A82 
Milk line flushing system, A138 
Milk lines, conventional, cleaned-in-place, A53 
Milk market, school, A121 
Milk measuring device, All 
Milk minerals, related to minerals in pasture herb- 
age, A22 
Milk plant, 
cooperatives, students learn in, A32 
specifications and costs for, A47 
Milk plants, economic analysis of, Al3 
Milk powéer, 
eultured, manufacture of, A67 
determination of fat and water in, A103 
influence of lipids on dispersion of, A133 
preparation of, A30 
Milk preparations, saffron and nutmeg in, A82 
Milk pricing, formulas for, A38 
Milk producers, expectations and plans of, A71 
Milk produet, high protein, A116 
Milk production, 
as related to treatments in previous lactation, 
A49 
effeet of glucose injections on, A110 
effect of tannins on, Ai37 
in Ohio, shifts in, A136 
in the United States, 1924-51, 
influence of liveweight on, A73 
inheritance vs. environment in, A49 
persistency, effect of various pastures on, Ald 
pressed vs. extracted linseed cakes for, A49 
relation between grazing behavior, forage diges- 
tibility and intake and, A48 
relative value of feeds for, A72 
timing for highest profit, A86 
Milk products, 
cold, separator for, A45 
frozen concentrated, A43 
method and apparatus for thermal treatment 
of, A52 
vitamin enrichment of, A23 
Milk protein food product, A30 
Milk proteins, 
biosynthesis of, A39 
eonecentrated, A5 
effect of heat on, A43 
enzymic iodination of, A68 
nutritive value of, A89 
sensitiveness of, A117 
Milk quality, 
as affected by farm practices, A107 
improved by ultracentrifugation, AS 
Milk release apparatus, A86 
Milk releaser, diaphragm, A107 
Milk sales, with bulk flow dispensers, A32 
Milk sampling, method and apparatus for, A52 
Milk seeretion, in intervals between milkings, rate 
of, A89 
Milk separation, cold, A126 
Milk solids, 
determination of, A83 


vitamins, 


A21 


SUBJECT INDEX OF 


ABSTRACTS 


oxidimetric measurement of, A147 
dry, tailor made, A67 
not-fat, rapid determination of, A147 
nonfat dry, protein reducing value of milk as 
indication of presence of, A9 
reconstituted, effeet on maturational progress 
of children, A23 
Milk souring, effect of menadione on rate of, 
A52, A108 
Milk strainer, A18, A36 
Milk substitute, A88 
Milk tank cooler, A151 
Milk tests, detergents and, Al0 
Milk utilization, 
DISI’s World Congress for, A85 
World Congress for, A21 
Milk waste, design of plants for disposal of, A53 
Milk wastes, water-pollution-control program in 
relation to, A28 
Milk yield, 
effect of iodinated casein on, A&89 
effect of management systems on, A35 
influence of tocopherol feeding on, A33 
of ewes, effect of diet on, Al6 
Milk yield forsistency, factors affecting, A22 
Milker, suspended, A36 
Milking and pulsation rate, A38 
Milking barn, portable, A152 
Milking machine, A87, A107 
airtight, A50 
Milking machine pulsator, A87 
Milking machine timer, A151 
Milking machines, 
automatic valve assembly 
control unit for, A74 
signaling device for, A17 
Milking methods, and milk fever, A65 
Milking, once-daily, in late lactation, effects of, 
A138 
Milking parlor, grade ‘‘A,’’ A18 
Milking parlor stall, A151 
Milking rubbers, effect of farm treatment on, A35 
Milking structure, A152 
Milking system, A87 
valved coupling for, A36 
Milking systems, 
flushing apparatus for, A107 
pipeline, valve mechanism for flushing, A128 
Milkings, consecutive, rate of milk secretion in 
intervals between, A89 
Milks, 
eultured and fermented, A43 
determining density of, A116 
Dutch, vitamins in, A83 
herd, inhibiting acid production, 


for, A139 


substances in, 


Ag2 

homogenized, half-and-half, testing procedure 
for, A70 

yield and ‘‘recovery numbers’’ when made into 
cheese, A144 


Milk shakes, machine-made, A75 
Mineral constituents, of cow blood, A26 
Mineral metabolism, of calves, A39 
Minerals, 
blood, as related to milk and milk fat yield, A25 
for cattle, A123 
intake and excretion at parturition, 
parturient paresis, Al 
Mix, chocolate, A75 
Mixes, low fat high solids, preparation of, Al8 
Mixing device, for liquids, AS4 


related to 
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Mold, 

butter print, A143 

for home frozen confection, A124 

on cheese, gas treatment for control of, Al44 
Mold inhibition, by sorbie acid, mechanism of, A57 
Molybdenum, diseases of cattle in relation to, A2 
Mouthpiece for cap magazines, A45 
Multiple selerosis, in relation to nutrition, A389 
Multi-product plant, 


Nesacertn, secretion and effeet in milk, AS81 
Neo-natal immunity, colostrum in relation to, A40 
Nicotinic acid, 
in human milk, A3l 
metabolic functions of, A140 
Nipple, for calf feeding bucket, A74 
Nisin, effect on anaerobic spore-formers 
cheese, A146 
Nitrogen, 
fecal metabolic, determination of, A110 
nonprotein, utilization by rumen organisms as 
affected by diet and antibioties, A39 
Nozzle, for multiflavor ice cream, A87 
Nutmeg, in milk preparaticns, A&2 
Nutrition, 
animal, antibiotics in, A141 
carbohydrate, in bloating sickness, A29 
of B. melitensis, A31 
human, significance of vitamins in, A199 
multiple sclerosis in relation to, A39 
ruminant, Al7 
of ruminants, antibioties in, A59 
Nutritional assay, of protein in powdered whey, 
A93 
Nutritional research, purified casein for, A140 
Nutritional value, 
of beet molasses, A49 
of milk, selling consumers on, A23 
Nutritive value, 
of carob, A49 
of colostrum, A25 
of fat, A76 
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See our catalog in Dairy Industries Catalog 


Reg. U.S. 


TRADE MARK 
Save Time—Save Mon- LYOPHILIZED* 
ey — Avoid Trouble. for 
Use rapid-growing UNIFORMITY 
‘Frigidry’ cultures to e 
produce mother cul- VIABILITY 
ture in one generation e 
and take guess work STABILITY 
out of making good , 
buttermilk, butter and 
cheese. process. 


FRE E— Write for Booklet No. 206 on produc- 
tion of Cultured Dairy Products. 


GENERAL BIOCHEMICALS, Inc. 


20 LABORATORY PARK ¢ CHAGRIN FALLS, OHIO 


REVOLUTIONARY 
NEW CLEANING \ 
METHOD FOR 
HIGH 


TEMPERATURE 
EQUIPMENT 


AND WHAT IT MEANS _IN SAVING 


SYSTEM OF CLEANING 


Again Klenzade leads with a remarkable new 
cleaning chemistry advance — Chelation. 
Initial cleaning with Klenzade O-R Organic 
Acid Cleaner is followed with Klenzade O-R 
Alkaline Cleaner. This produces an amazing 
series of chemical reactions — each one super- 
powered for a variety of specific cleaning 
actions never even approached before. "Chela- 
tion" prevents precipitation of water-borne 
minerals and assures film-free surfaces. Let 
us demonstrate to you that this revolutionary 
chemical cleaning advance — the Klenzade 
O-R System — will definitely save you hundreds 
of dollars annually. 


gt a, 
Write for Details Siagle 
Cycle 


AVG 


Your advertisement is being read in every State and in 45 Foreign Countries 


| 
4a 
DAIRY | | TO: 
BEANOHES 
Pat. Off. 
> 
Yor Ja. Principal. Citie: 


SCIENCE 


JOURNAL OF DAIRY 


Copies of the 


20-YEAR INDEX 


covering Volumes I to XX, inclu- 


sive are available at the following 


prices: 
MEMBERS NON-MEMBERS 
Cloth Bound ........ $2.35 Cloth: Bound ..°...... 
Paper Bound......... 2.00 Paper Bound...... ° 


$5.50 
5.00 


Your advertisement is being read in every State and in 45 Foreign Countries 
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Media for 


MYCOLOGY 


DIAGNOSTIC 


.. » for the isolation, identification and cultivation of patho 
genic fungi. These media are also widely used in phytopatho- 
logical studies. Several are neutral in reaction, giving optimum 
conditions for growth of a variety of fungi. The following 
may be prepared as selective media by the adjustment of 
reaction, addition of antibiotics or other agents: 


Bacto-Brain Heart Infusion Ager Bacto-Mycological Agar 
Bacto-Sabouraud Dextrose Agar Bacto-Mycological Broth 
Bacto-Sabouraud Maltose Ager Bacto-Corn Meal Agar 
Bacto-Littman Oxgall Agar Bacto-Corn Meal Agar with Dextrese 


Bacto-Bean Pod Agar Bacto-Prune Agar Bacto-Lima Bean Acer 


CONTROL 


.. « for sanitary and sterility procedures as well as for general 
use in mycological procedures: 


Bacto-Sabouraud Maltose Broth Bacto-Neurospora Culture Ager 
Bacto-Sabouraud Liquid Medium Bacto-Potato Dextrose Agar 
Bacto-Malt Extract Bacto-Mildew Test Medium 
Bacto-Malt Agar Bacto-W.L. Nutrient Medium 


Bacto-W.L. Differential Medium 


CLASSIFICATION 


. . and nutritional studies of fungi: 


Bacto-Yeast Morphology Agar Bacto-Czapek Dox Broth 
Bacto-Yeast Carbon Base Bacto-Czapek Solution Agar 
Becto-Yeast Nitrogen Base Bacto-Vitamin Free Yeast Base 


THE DIFCO MANUAL, NINTH EDITION, 
izcluding descripuons of these media and their use, 


ts available on req 


Dirco LABORATORIES 
DETROIT 1 MICHIGAN 
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